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PREFACE TO THE SECOND EDITION. 


Tins little book was the first of a new class of works on Pojmlar 
Science. Previous to its publication there were many essays on the 
various brandies of experimental philosophy ; some of which were 
characterised by great simjdicity of stylo and a sound judgment in 
the selection of facts, but there did not exist any comprehensive 
exhibition of scientific truth suited for the general reader. Nor 
wore the scientific works then puldished calculated to assist the largo 
and important class of readers created by a valuable cheap litera- 
ture, for they were either so profoundly mathematical, or so puerile 
in style and illustration, that the one class was as far above the 
learning as the other was heiieatli the intellect of those who were 
anxious to become generally acquainted with natural phenomena and 
the laws upon which they depend. To supply a comprehensive essay 
suited for the instruction of such readers Nvas the Author’s object in 
writing this volume, and as it did in some degree meet the w ants of 
the public, it was universally received w'ith much indulgence, and 
perliaps more commendation than it deserved. Many works of the 
same character have been since published, and by them the elements 
of scientific knowledge have been widely disseminated among the 
intelligent classes of society in this country. 
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PREFACE. 


A new edition of The Earth : its Physical Condition and most 
remarkable Phenomena ” has been long demanded by the public ; 
and the Author has availed himself of the opportunity thus afforded 
him of revising the work, by which, it is hoped, some defects have 
been corrected. It was, however, with much satisfaction that the 
Author ascertained upon a reperusal that the alterations required 
were almost entirely limited to style and modes of expression. Some 
few additions, however, have been made to the work ; and in informa- 
tion upon the subjects on which it treats, it will be found equal to 
the present state of scientific knowledge. 

The Author is indebted to the book for many of his most valued 
acquaintances, and on more than one occasion it has procured for 
him the attentions of a friend where he only expecterl the civilities 
duo to a stranger. His principal object, and that which he has kept 
constantly in view, has been the instruction of the reader concerning 
the phenomena by which he is surrounded as an inhabitant of the 
earth, but at the same time he has availed himself of every oppor- 
tunity of inculcating the higher principles of morality and religion, 
and of drawing the intellect and affections towards that adorable 
First Cause in whom all things ‘‘live, move, and have their being.” 
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CHAPTER 1. 

THE EARTH IN RELATION TO THE UNIVERSE. 

General science can never be perfectly understood where 
the attention has been confined to the facts taught by a single 
branch ; tor philosophy may be compared to a golden chain 
which men are compelled to examine link by link, unable at 
once to perceive the connexion v'hicb exists between its parts. 
So if we attempt to explain the phenomena we witness upon the 
eartli s surface, without j)reviously acquainting ourselves with 
the conditions of tlie body, and the relation it bears to others 
by wdiich it is surrou**ded, we shall always be sensible of the 
incompleteness of our knowledge, and may, in many instances, 
be led into error. All the causes acting upon the surface of 
the earth, may be in themselves suited to sustain and nourish 
the creatures by which it is inhabited ; but the relation it hears 
to other bodies, may, for ought the mass of mankind know', be 
calculated to derange their action, or to destroy the planet itself. 
Our fi/st object, therefore, must be to ascertain the celestial 
relations of the earth as a member of the universe. 
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THE FORM AND DIMENSIONS OF THE EARTH. 

From a casual examination of external phenomena, an 
ohsei*vei‘ would be led to the conclusion, that the earth is an 
extended plane. This opinion was long entertained by tlie 
illiterate, and in different periods of the history of science 
was believed and taught by the learned. Fabricius, in his 
Bibliotheca Grasca,” gives an account from Photius and 
others, of the theory proposed by Cosmas Indopleustcs, which 
greatly resembles the systems once taught in the Hindus and 
Egypt. This theorist maintained that the earth was an 
immense plane, surrounded by an impassable ocean. A conical 
mountain was supposed to be situated towards the north, and 
the sun and stars to perfonn their diurnal revolutions round it, 
the sun itself having an oblique motion. By this wild conjec- 
ture, he explained the unequal length of day and niglit, and 
the variation of the seasons ; and accounted for the motion of 
the Iieavenly bodies by the assertion, that they are carried 
round in their courses by celestial spirits. Had the hypothesis 
of Cosmas Indopleustes maintained its influence, it would have 
]>revented men from attempting the investigation of the surface 
of the earth, for the conviction that it was surrounded by an 
impassable ocean would have prevented all attempt at naviga- 
tion, and fear prevailing over curiosity, the hopes of every 
man must have been centred in the society of which he hap^ 
pened to he a member. All the benefitKS that have resulted 
from the distribution of the human race over the surface of 
the earth would have been retarded, commerce would every" 
where have been restricted, and civilisation have been unknown, 
if this hypothesis had not been disproved. It will therefore 
appear tliat the receptitm of error in philosophical inquiries, 
while it retards the advancement of knowledge, must entirely 
prevent all the beneficial })ractical results, which are tlie con- 
sequents of ascertained philosophical truth. 

A casual or imperfect observation of phenomena might in tlie 
present day lead an ignorant observer to imagine the earth an 
extended plane ; but a careful investigation could scarcely fail 
to convince him tliat his first impressions were erroneous. We 
can conceive an individual determined to judge for himself, 
and having no attachment to any opinion that docs not com- 
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mend itself to his mind, to trace the j3henomena he observed to 
their cruise, and approach to a demonstration of the true form 
of the earth. “ Wherever I stand,” he might say, “ there is a 
vast extent of space above me, and beneath my feet an im- 
passable mass of matter ; and hence 1 know that the earth is 
limited, at least on one side. But the sun rises in the cast, and 
sets in the west, and this it does day after day ; and when it 
disappears, I observe the moon and the stars to take the same 
revolution from one extremity of the hemisphere to the other ; 
and I may deduce from this appearance, tliat the earth is not 
indefinite in extent, but is an entirely independent body, and 
having limits it must have figure. But 1 have oftem observed 
that when I stand upon a flat and extensive country, or in a 
vessel at sea, I appear to be placed in the centre of a distinct 
circular line, which is not, however, the limit of my vision ; 
for lofty objects, such as the steeples of churches, and the top- 
masts of distant vessels, are distinctly seen beyond it ; and 
when 1 ascend an eminence, the lower parts of the same objects 
come into view. Sucli a phenomenon as this,” the iinpiirer 
might say, “ can only he accounted for by supposing that those 
portions of the earth on which 1 have made these observations 
are curvilinear ; and as other persons liave witnessed tlic same 
appearances in distant places, there is some evidence tiuit the 
earth has a convex surface.” Thus far an inquisitive mind 
might proceed without being able to determine whether the 
earth was a globular body, or an irregular mass with a convex 
surface. But let him he informed that a navigator leaving some 
shore in one direction, has, by keej)ing the head of hib vessel 
towards the same point of the compass, returned to it in an 
opposite direction, and he will no longer doubt that the earth is 
a spherical body. 

To determine the precise form of the earth requires observa- 
tions of a more accurate character, and more artificial means of 
inquiry are necessary. If the earth he a spherical body, we may 
draw a line round it in any direction, and by measuring it we 
might not only determine the precise form of the earth, hut al«o 
its dimensions. II ow diflicuit soever this may appear, it has 
been done, and we have thus become acquainted with the form 
and dimensions of the eartli. Those lines, which arc imagined 
to be drawn round tlic globe, passing through the poles, arc 
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called meridians ; and if the earth were round, all these lines 
would be circles, and we might divide them into any number 
of parts, wliich would be equal to one another ; but if the 
meridians be not exact circles, then the parts would differ in 
measurement the one from the other. Let us then divide a 
meridian into three hundred and sixty parts, that is into de- 
grceSj and measure one of those at different places, and w^e find 
that the length of a degree is greatest near the pole, and least at 
the equator. The following table given by Professor Airy, in 
his paper on the Figure of the Earth, and by Sir John Herschel, 
in his Treatise on Astronomy, will show the length of a me- 
ridional degree at different places, as calculated from the results 
of the most accurate experiments. 
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FIGITRK OF THIS KARTH. 


From these and other observa- 
tions w^e deduce that the earth is 
not a perfectly round body, hut 
that its real figure is that of an 
oblate spheroid. A spheroid may 
be either oblate or prolate, the for- 
mer being flattened, and the latter 
drawn out at the poles. The former 
of these, as the facts collected in the 
present volume will show, is the 
form of our earth. 


The following are the dimensions of the earth, as calculated 
from the best series of meridional arcs : — 
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Miles. 

Greater or equatorial diameter . . 7925.648 

Lesser or polar diameter . . . 7899.170 

Difference of diameters or polar compression 26.478 

THE REVOLUTION OF THE EARTH ON ITS AXIS. 

Having ascertained the form of the cartli, there will be little 
difficulty in determining the relation it bears to the celestial 
bodies. It has been already stated that an observer, by carefully 
examining the position of the stars, for a few hours, would dis- 
cover that they have a regular unacceleratcd motion. All the 
celestial bodies are moving, but their motion is uniform, and 
each one is in relative rest to the others, pursuing, from the 
moment it rises, an undeviating path towards that opposite 
point where it is to set. 

This apparent motion of the stars may either arise from 
some proper motion in the heavenly bodies, or from a revolu- 
tion of the earth on its own axis : either of these suppositions 
will account for the phenomenon to which we have alluded. 
If the appearance be supposed to result from the motion of 
tlic stars, we must conclude that they are fixed in an enormous 
concave sphere, having a perpetual uniform revolution, for it is 
hardly possible to imagine that each individual body has a 
motion of its own, so adapted to the motion of all the others as 
not to change its relative position. The immeasurable distance 
of the stai-s, however, forbids the supposition that they are all 
fixed in a revolving sphere, for such mechanism would be in 
itself most cumbersome, mid unlike the simple arrangements 
commonly employed by the Creator for the accomplishment of 
his purposes. 

It is far more probable that the earth has a revolution on its 
axis ; and this supposition will enable us to account for all the 
appearances that are presented by the celestial bodies. If the 
earth has a diurnal revolution on its axis, an observer, situated 
on its surface, will participate in its motion ; but as his horizon 
remains fixed, and as the objects around him have the same 
motion as himself, he will imagine that he is at rest. But as 
the horizon of the individual revolves from wxst to east, so the 
heavenly bodies have an apparent motion from cast to west ; 
and for the same reason a pemon in a sailing vessel may imt^ine 
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the shore to be receding from him, instead of attril)uting its 
apparent motion to the real motion of the ship in an o])posite 
direction. The whole hemisphere, then, upon the principles of 
this explanation, makes an a})i)arent revolution, and in that 
period re(| aired by the earth to perform its diurnal reA^olution, 
the stars return to the relative places they before occupied, 
and as the velocity of the earth’s rotation is uniform, this will 
occur in equal times. 

But let us suj)pose our observer to pui’sue his investigations 
a little more closely. He has already discovered that the stars 
appear to move in the arc of a circle, rising in the east and 
setting in the Avest. ToAvards the south there are some that 
just rise above the horizon, take a short arc, and disappear : 
Avhile towards the north there arc others that never set, but 
revolve in very small circles around a point, which is called the 
north pole ; but this point is not marked by any star, although 
there is one so near to it that the unassisted eye cannot discover 
its motion. As soon as the obserAX'r has ascertained these facts, 
he becomes conscious that there is one section of tlie celestial 
sphere that is hidden from his vicAv, for as there is a segment 
containing stars which never sot, so there must ho one in which 
stars revolve without rising, and these are (!alle<l the south 
polar stars. To obtain a view of these he must travel south- 
w^ard. As he proceeds on his journey, the north polar stars 
Avill approach the horizon, and the stars of the southern hemi- 
sphere will he pro[)ortioiially raised. When lie has reached 
that line on the surface of the earth called the equator, that is 
an imaginary line dividing it into hemispheres, the poles aauII bo 
in his horizon, and every star Avill appear to perform half its 
revolution above and half below his horizon, and no part of the 
heavens Avill be hidden from his view. And lu'rc avc may 
suppose the inquiring traveller to be struck with the fact, that 
although the paths of the stars are so different in extent, those 
w’hich rise exactly in the east, having much the longest arcs, 
and those at the poles the shortest, yet every star is above the 
horizon for the same period of time. Again, if the observer still 
travel soutliAvard, the south pole of the heavens will be raised 
above lus horizon, and the north pole wdll be depressed below 
it ; and when he is as near to the south pole of the earth as he 
Avas to the north pole at the commencement of his journey, 
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the phenomena will be entirely reversed ; the south polar stars 
will never set, the north polar will never rise ; and if he could 
still travel southward and reach the pole itself, the stars would 
appear to revolve in circles parallel to the plane of his horizon, 
and to one another. 

These results cannot fail to confirm the conviction that the 
motion of the stars is only apparent, and that it is produced by 
the revolution of the earth on its axis. 

THEORY OF THE EARTH FOUNDED ON ITS DIURNAL 
REVOLUTION. 

Now it is a singular fact, that these results perfectly accord 
with the combined theoretical deductions of astronomers and 
geologists. The covering or crust of the earth is known to 
consist of a series of strata of different siibstaiures and of various 
thickneSsSes. Beds of clay and marl, limestone and sandstone, 
gravel and sand, are promiscAiously mingled together, many of 
them containing the remains of marine and fresh water animals, 
and all of them bearing evidence of their formation as resulting 
from the deposition of water. Some of these beds have been 
formed at the bottom of rivers and lakes, and some in seas 
and oceans, while others have been produced by casual catas- 
trophes, which liave caused the waters to leave their channels, 
and sweeping over localities, or the entire surface of the earth, 
destroying rocks, and grinding the frtrgments they have broken 
from the parent bed. The same process of destruction and 
reproduction is traced by geologists as going on in the present 
day, though not perhaj)S to so great an extent as at the time 
when the crust of the earth w^as formed. If the beds of rivers, 
or of lands that are frequently flooded, be examined, strata 
of sand, mud, or gravel, will be found to be produced by sedi- 
ment from the water that has flowed over them ; and many 
contain the remains of the animals that once lived in the 
w’ater, or were destroyed by its means. Wherever strata, 
having the same characters, and containing organic remains, 
are found, it is fair to deduce, how deep soever they may be 
below the surface, tliat they are attributable to causes similar 
to those which are now active in the production of rocks. But 
such strata have been seen in all parts of our globe wliich 
have been visited by man, and hence it w’ould appeal* that the 
dry land has actually been produced by w^ater ; and that the 



8 


THEORY OF THE FORMATION OF THE EARTH. 


particles which, united together, now form the superficial cover- 
ing of the earth, must at a former period have floated in loose 
unconnected particles in pre-existing rivers and oceans. 

Taking these statements as the legitimate deductions of geo- 
logical inquiry, they may be so applied as to account for the 
present form of the earth. If the ea^ tii had been formed a 
perfectly spherical body without a motion on its axis, all the 
water, however distributed on its surface, would have left the 
places it occupied, and have rushed towards the poles, leaving 
a ridge of barren mountains round the equator. But if it had 
been possessed of the same form, and had received an impetus 
giving it a revolution on its axis, the centrifugal force being 
greatest at the equator, the water w'ould have accumulated 
there, and a mountainous ridge of rocks w^ould have been exposed 
at the poles. 

It may not bo perfectly understood by the reader wdiat is 
meant by the centrifugal force. When a body is made to 
revolve on its axis, there will always he an attempt in tne 
part’cles composing that body to fly off from tlie centre of 
motion. If a bucket of water be suspended by a b+ring, and a 
rapid rotatory motion be communicated to it, the waiter wall 
accumulate, and form a sort of vravc round the side of the 
vessel ; and if we could give the same motion to a suhstaiuic 
which consisted of very loosel}^ connected ])artic]cs, they would 
fly one from the other, and leave the string by w hich tiny were 
suspended. Now these are the results of the centrifugal or 
centre-flying force. 

But it is well known that tlie force with which a particle is 
urged to fly aw’ay from the centre of motion increases with its 
distance from that centre, and consequently in every globular 
body, that line of superficial particles which is farthest from 
the axis of revolution, will have the greatest centrifugal 
force. From this statement it follows, that the equator of 
the earth must suffer a greater centrifugal force than any 
other part of its superficies. A very jirctty instrument is 
used by lecturers to illustrate this fact. Two clastic iron 
hoops are united together, and placed upon an axis, hav- 
ing a capability of compression, so that a pressure upon the 
top would cause a swelling out of the centre or equator. 
These hoops are put into motion by a multiplying wheel, or 
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a band and wheel, which, in consequence of the centrifugal 

force, causes an ex- 
pansion of the equa- 
tor, with an attend- 
ant depression of the 
poles. The same 
principle is evolved 
in the governor of 
the steam-engine ; 
where, by a simple 
application of ma- 
cliincry, the steam 
is shut off or admit- 
ted as the ce^itrifugal 
force ib increased or 
diminished. 

Now let it be sup- 
posed that the earth 
when created was a 
perfectly spherical 
body, and that it 
had a revolution on its axis, then an immense body of water must 
have Ix'on aC(Mi mu lated round the equatorial regions. But water 
is cvci y vvhor« « barged with fragments of rocks, wdiich it fonns or 
collecis in Its ])/issago from one place to another; and as it has 
always luul tJu' same force under the same circumstances, it must 
hav. done this troiu the beginning But rocks are formed by the 
8e<inncnts deposited by water, and the detritus it accumulates, 
tlo rctbre rocks must have been formed in greater amount round 
the equator than upon any other part of the earth’s surface, 
and hence the greater equatorial diameter. 

Wc <lo not assert that the earth must necessarily have de- 
nv't'd its present form in this way, but that these theoretical 
considerations will account for the form which we know it to 
possess; and we ar( tSuis led to observe the influence that one 
branch of science exerts upon another. The sciences are arbi- 
trary classifications of the lav s under which various causes act 
upon different kinds of matter, or matter under diflerent forms, 
and the phenomena produced. To supfxise tliat the various 
physical sciences are distinct one from the other, would be to 
invade tbe unity of design and harmony of effect, constantly 
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witnessed, and necessarily existing, in material creation. Tlie 
limitation of our capacities may render this division or classifi- 
cation necessary, but we must be careful to remember that it 
is still artificial, and tliat the sciences are not independent 
branches knowledge. This view of the phj^sical scicmccs will 
prove the propriety of the effort we are now making to avail 
ourselves of their united assistance in explaining the conditions 
of the earth ; and sufficient has already been said to convince 
the reader that an extensive series of phenomena, such as we 
witness daily, can only be understood by an acfj[uaintance with 
many branches of knowledge. 

The first doubt as to the perfect spheric form of the earth, 
is said to have arisen from observations on the pendulum. M. 
Ritcher, while observing the transits of the fixed stars in the 
Island of C’aycmie, noticed that the pendulum of his clock 
moved at a rate of 2' 28" a day less than it ought, as regulated 
by the motion of the sun, and he found it necessary to shorten the 
length of his pendulum nearly onc-fouiih of an inch, in order 
that it should make vibrations equal to those it made at Paris. 
This singular phenomenon excited the attention of the astro- 
nomer, and w^hen inquiring into the cause, he w^as induced to 
suspect that the earth was not })erfectly round. 

It may not, however, he quite clear to the reader, what 
connexion there is between the vibration of a pendulum, and 
the fonn of tlie earth, and we may be permitted to illustrate 
the statement by a few remarks. The instrument we call a 
pendulum, consists of a heavy body suspended by a slight cord 
or thread, and is frequently used in combinations that are 
intended for the measurement of time. It must not, however, 
be supposed that the pendulum is in any case the moving 
jwwer ; it acts as a regulator in clocks, and the motion origi- 
nates in the fall of a weight, or in the recoil of a spring attached 
to the machine. Weights are usually employed in clocks; 
springs in watches : and the latter are generally regulated by a 
balance-w^heel, and not by a pendulum. The contrivance by 
which the pendulum of a clock is connected with the train of 
wheels, and regulates their motion, is called the escapement, 
and of this there are several varieties, as the lever : and the dead 
beat : the latter being so named on account of the peculiar sound 
it produces. 

The theory and laws of the pendulum will be easily under* 
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stood. When tlie ball of a ponduluin that has been freely 
suspended from a point, is raised from tlie perpendicular, and is 
allowed to fall by its own weight, it begins a series of vibrations, 
Avhich would be infinite, if the motion were not retarded by the 
friction uj)on the point of suspension, and the resistance f>f the 
air. It ffills to the perpendicular position from wliich it was 
drawn, by virtue of the same power that causes a body to fall to 
the earth : the force of gravitation. But when it comes to this 
position, it has ac(iuircd a certain velocity, sufficient to urge it 
upwards on the opposite side, and to cause it to describe as large 
an arc as in falling. I'ho pendulum, therefore, is in theory 
capable of a perpetual motion. 

Galileo discovered that the oscillations of a pendulum are 
isochronous, or j)erf()rmed in equal times, whether tlie arc be 
large or small, within a certain limit. He was led to this dis- 
covery by observing in the church of Pisa the vibi'ations of 
the large chandelier wliich had been left swinging when the 
candles were ligliUni for the evening service. But the law that 
it is most important for us to notice, is, that the times required 
to perhirm an oscillation, are as the square root of the length of 
the pendulum. If, for instance, there be three pendulums, 
W’hose lengths arc as one, foui% and nine respectively, the 
oscillations of the second will require twice the time of the first, 
and the third tliree times, because one, two, and three, are the 
square roots of one, four and nine. The oscillations of the 
pendulum vary wdth its length, which is so arranged as to beat 
seconds, or, in other w’ords, vibrate sixty times in a minute. 
For the latitude of j..ondon it must be thirty-nine one-fifth 
inches long ; but a pendulum that wall beat seconds in one lati- 
tude, will not do so in anotlier. 

The attraction of gravitation is a force with which all matter 
is endowed, and belongs to i^articles as well as to masses : all 
bodies universally attracting each other, directly as their masses, 
and inversely as the squares of the distance. But when a body 
is made to revolve on its axis, a new force is called into action, 
which in some measure resists the attraction of gravitation. In 
the case of our earth, for instance, gravitation w^ould cause it 
to fall towards, or into the body of the sun, but the centrifugal 
force solicits it to fly away from the sun ; and these two forces 
being adjusted, the eartli retaias its place. If the force of 



12 THE RELATIVE REST OP THE FIXED STARS. 

gravity were to cease, the earth would fly off in a tangent towards 
that part of its orl)it to which it happened to be directed at the 
moment ; and if the earth were to cease its revolutions it would 
fall towards the centre of gravitation. Connect with this 
statement the fact, that the centrifugal force is in i>roportion to 
the distance of the body from its centre of attraction, and there 
wdll be no difficulty in understanding the application of the 
pendulum to the measurement of the earth. 

If the attraction of the earth were not sufficient to neutralise 
the effect of its centrifugal force, the detached bodies on its 
surface would he thrown off ; but even under present circum- 
stances it diminishes their w^eight at the equator. If tlie earth 
did not revolve on its axis, a substance would have the same 
weight at all places equally distant from the centre. But as 
the centrifugal force, which attempts to throw all bodies from 
the axis of rotation, increases with the distance, so the fojce of 
gravity must decrease from the poles to the ecpiator. 

From this explanation it follows, that the fall of bodies is 
accelerated from the equator to the poles, and as tlie pendulum 
is a falling body, its oscillations must be accelerated in the same 
proportion, and hence it is, that the length of a pendulum must 
be altered to make it perform the same number of vibrations in 
all latitudes. Now it is well known, that in tlie instance of a 
spheroid of rotation, the centrifugal force vai’ies from the equator 
to the poles, as the square of the sine of latitude. 

From these principles we may deduce the real form and 
dimensions of the earth ; and although the method may appear 
to the general reader to be somewhat involved, yet it is capable 
of as great accuracy as any plan of measurement that has 
hitherto been adopted. While the result of the experiments 
that have been made to determine the form of the earth by 
actual measurement, and by the oscillations of the pendulum, 
prove it to be an oblate spheroid. 

THE RELATIVE REST OF THE FIXED STARS. 

The reader may still have some difficulties connected with 
this subject, and be unable to account for the unvarying posi- 
tion of the stam in relation to one another. When he is 
looking upon objects that are near him, they present different 
relative positions according to the situation of the point from 
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which he views them. If he alter liis position only a few feet, 
the relative places of the nearer ohjccts will he greatly changed, 
but in those which are more distant the change will be less 
distinct. Ac((iiaintance with this fact may have already 
induced him to imagine that the stars do not change their 
relative places, from whatever point he may view them, 
because they are so far distant that there can be no comparison 
between the distance of the stars, and the distance from each 
other of the two places from which he views them. We are, 
in fact, accustomed to refer all objects to an imaginary sphere 
of indefinite radius, the eye being its centre ; and in proportion 
to their nearness, tlndr relations will change with an alteration 
of the place from w hich they arc vicw'ed. 



Let A and B be two positions from which we view the two 
objects c and d. At B w'c should refer both the objects to the 
point 0, but as we advance towards A, the objects apj)arently 
change their place; and at A we should refer the object c to 
the point and the object d to the point the nearer object 
subtending a greater angle, A c B, than the more distant, A B. 

This angular motion of an object on our s])here of vision, 
arising from our change of })lncc, is called the parallax. But as 
the amount of parallactic motion decreases, as the distance of 
the object increases, it will cease altogether w hen the object is 
very far removed, and this is the case with the fixed stars. 
Were it not so, the stars would present different relative posi- 
tions ; on the horizon they would he crowded together, inter- 
fering the one with the other, and as they approached the 
zenith, they w^ould ex]>and and come into view. 

From these remarks it folio w^s, that the dimensions of the 
orbit of the earth are absolutely imperceptible w'hen compared 
with the distance of the stars, but astronomy offers us no 
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method by which to determine the distance of the nearest fixed 
star. To such a nicety have the means in our power been 
applied, that had any of the stars yet examined, possessed an 
angle amounting to one second, that is, if the earth’s orbit sub- 
tended an angle amounting to one second, it must have been 
detected. But although we cannot determine the distance of 
the nearest fixed star, we do know that it cannot be so little as 
19, 200, 000, 000, 000 miles. 

It may be worthy of notice, that astronomers in every age, 
for the convenience of reference and descrijitioii, have thought 
it desirable to divide the fixed stars into gi’onps or constella- 
tions, to which different names have been given. These divi- 
sions, though arbitrary, have been generally acknowledged and 
used b}^ modern astronomers, and some new^ ones liave h(‘,en 
introduced. It has not, however, always happened that tht* 
figures proposed by the ancients havt‘ been accuriitcly I'c- 
tained, and in some instances they have been actually re- 
versed. The position of the stars fre<|urntly hear little or no 
resemblance to tlu' drawings which are supposed to represent 
them, but they arc of inucli advantage to the student, and 
serve liiiu as an artificial memory. Wlio, for instance, can 
have attentively examined the representations usually given of 
the constellations Orion and T^rsa Major, and the n have sought 
for them in the lu'avens without finding them t Some attemj)ts 
been made to change the names of the constellations, and 
to introduce a new division of the celestial sphere. The 
Venerable Bede proposed to nanu; the twelve signs of tlie zodiac 
ufior the twelve apostles, and «Judas Ichillerius gave scripture 
names to the other eonstellatioiis. It is, however, (juite evident, 
that any innovation upon the established order, \vould introduce 
many practical inconveniences, and increase the difficulties and 
errors of a comparison of ancient and modern observation. 

’ll IE PLANETS. 

We have hitherto considered all the stars to he fixed at 
relative distances from each other, without any individual 
motion ; hut an observer who has paid sufficient attention to 
detenniue the fiicts already mentioned, cannot have failed to 
discover, tliat some of the celestial bodies, and these the most 
conspicuous, are constantly changing their positions, and 
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wander abroad, among the multitude of less restless worlds. 
The moon has ever been among poets the emblem of fickleness, 
not only for the ceaseless variation in the size and form of her 
illuminated disc, but for her varying motions over the broad face 
of the heavens. These erratic bodies arc called planets, and per- 
form, in various times, their independent circuit of the heavens. 
The fixed stars also have a change of place, but it is so unim- 
portant, that no material alteration has been produced during 
the whole of that period in which the heavenly bodies have 
been astronomically considered. 

We are accustomed to judge of distances and magnitudes by 
the organ of sight, but it entiiely fails us whfai used in relation 
to tlie heavenly bodies. An ingenious and shrewd observer may , 
however, deduce f/om appearances, without instruments, many 
important facts concerning their motion and relations, and he 
may also gather some information concerning their magnitudCwS 
and distance, though it will be by no means satisfactory, nor 
approximate to a systematic knowledge. He may, for instance, 
discover that tlio clouds are nearer to the earth than the celestial 
bodies, for they often spread themselves like a veil over the 
entire surface of the heavens ; and upon the ])rinci[>les already 
explained, he may prove that they are but a few miles high, as 
they arc only sccai tind(U' particular forms over a very limited 
district. But the moon is at a very great distance, for she is 
seen over one-half of the earth at the same moment ; yet she is 
not so distant as the sun, for she sometimes comes between the 
earth and that body, producing a solar eclipse. He may also 
happen, by the observation of a transit, to discover that IVlcrcury 
is sometimes nearer to us than the suu; but all the information 
that can be thus attained will be disjointed and imperfect, and 
it is only by very accurate observations with the aid of instru- 
ments, that any valuable or correct information can be ascer- 
tained. To trace the methods by wliich our knowledge has 
been acquired, would be inappropriate in this place ; such a 
general outline of results as may be sufficient to acquaint the 
reader with the relations of the earth to the wandering ]>odies 
and the sun, is all that will be attempted. 

The earth is an individual, and almost unimportant, member 
of a system of bodies of which the suu is the centre. The 
solar system, as it is called, consists of eleven ]>lanets, which 
revolve round the sun in orbits nearly circular, some of tlicm 
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being attended by satellites that have orbits of nearly the same 
form. These motions are produced by the attractions of the 
central bodies : that of the sun prevents the planets from flying 
off into space, and that of the planets supports the satellites. 
All these bodies have therefore an influence on one another at a 
distance, each one assisting in connecting the whole as securely 
as though they were absolutely united by a tangible substance; 
and that influence is the attraction of gi'avitation. 

Four of the planets, Venus, Mars, Jupiter, and Saturn, are 
not only visible to the naked eye, but may almost be distin- 
guished by their remarkable brilliancy. Uranus can scarcely 
be seen Avithout a telescope, and Mercury, though visible as a 
large star, is only occasionally in view on account of its near- 
ness to the sun, in the splendour of whose beams it is lost. Its 
greatest angular distance from the source of light, is about 29®; 
and it is either seen as a morning or an evening star. When it 
is to the oast of the sun, and is sufficiently distant from it not to 
be lost ill its retiring glory, Mercury may be seen in the western 
horizon ; when to tlie west, in the eastern horizon, shining with 
peculiar brilliancy, as the harbinger of its if)rd. Ceres, Pallas, 
Vesta, and Juno, are never seen by the naked eye, to which 
circumstance we may perhaps trace their comparatively recent 
discoveiy. 

It is not our business at the present time to examine the 
peculiarities and varied appearance of the planetary bodies, hut 
the following table may be useful to tlie reader as giving the 
most important particulars in relation to their orbits and 
dimensions : the planets are placed in the order of their prox- 
imity to the sun. 




Mean dUtance 

Mean Sideieal 

Eqiiatnnal di- 

rianet'K name. 

from the Sun, 
ot semi'aKta. 

period in moan 
Solar days. 

ameter, the Htjn 
being li 1.4M. 

Mercury 


0.3fl70J)»I 

«7 ‘M).926.30 

0..3.08 

V enuft 


0.7233316 

224.7007869 

0.975 

Earth 


1.(»(KIO«00 

366 2563612 

1.000 

Mars , . 


1.5236il23 

686 9796458 

0.517 

Vesta . • 


2.367«7O0 

132.5.7431000 ! 


Juno . . 


2.6600090 

1692.6608000 


Ceres . . 

. 

2.7672450 

1681.3931000 

.... 

Pallas 


2.772B660 

1686.5388000 


.f upiter . 


5.2027760 

4;332.6«4fi212 

10 860 

Saturn 


9.6387861 

10769.2198174 

9.987 

Uranus . 


19.1823900 

30686.8208296 

4.332 
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Instruments called Orreries are sometimes introduced in 
public lectures to explain the size, and relative positions of the 
planetary bodies. These arrangements may possibly attract 
the attention of children, and assist them in remembering the 
order and names of the bodies composing the solar system, but 
they are utterly useless in any other respect, except in inducing 
the presence of those persons who seek to gratify the e3^e. Many 

of them are 
constructed 
ill a very 
ingenious 
manner, & 
thc3' ki- 
tcresting as 
exhibitions 
of mechani- 
cal skill. — 
The term 
by which 
orreries are 
now known 
appears to 
have been 
derived on- 
ly from the 
accidental 

circumstance, that the first instiaiment of the sort was con- 
structed for the Earl of Orrery, whom the manufacturer, Mr. 
Rowley, desired to compliment by affixing liis name to the 
toy. 

The similarity between the forms of the peculiar orbits in 
which the planets move, can scarcely fail to attract the atten- 
tion of the student. The greatest and least distances of the earth 
from the sun are in the proportion of twelve to thirteen, those of 
Mars as five to six, and the other planets revolve in paths that 
differ more or less from an exact circle ; but still in curves 
nearly circular. Now these bodies might have been made to 
revolve in ovals of larger or smaller degree, or in exact circles. 
They have, however, been placed in such positions, and com- 
pelled to take such patlis, as must prevent them from interfer- 




18 


THE PLANETS. 


ing with each other s motions, either by positive contact, or by 
the powerful disturbing force they might have exerted upon 
each other, Theiti is, therefore, a proof that the arrangement 
of the solar system was the design of an omniscient and omni- 
})Otent mind, and not the result of chance. 

It may also be observed, that the present arrangement of the 
members of the solar system, as far as investigation has 
carried us, is the only one by which the stability of the whole 
could be secured. But in contemplating the stability of the sys- 
tem, it must be borne in mind, that the jdanets exert an attrac- 
tive power on each other, though tliey are all under the still 
more powerful influence of the suii. The earth, for instance, is 
retained in its orbit l)y the sun, but it is proportionably 
affected by Mercury, Venus, Jupiter, and the other planets, 
according to their masses and distances. But all these bodies 
are constantly changing their positions in relation fo the earth 
and to each other, and upon the discovery of this fact, we are 
naturally led to inquire what will be the ultimate result of 
these combined attractions. The question is not whether they 
will produce an immediate effect injurious to the stability of the 
system, but whether they w^ill not do so in ages to come. In a 
single revolution their influence upon each other must he small, 
for the combined attraction of all tlie planets, by which the 
disturbances are produced, is insignificant when compared with 
the force of the sun. But if these slight influences continue 
to act upon a planet, revolution after revolution, they may 
hereafter remove it from its present orbit. 

To give an individuality to the inquiry, it may he asked, 
whether it be possible that the attractions of the planets can, in 
process of time, draw the earth from its orbit, and thus produce 
all the evils which would result from a change of season ? or is it 
possible that it may be brought so near to another body as to 
interfere with equable motion, or to produce a second deluge ? 
There are i)erturbations, and if they can be carried on without 
limit, there is no possibility of calculating, or even of imagining, 
the wretched condition to which the earth and her sister 
])lauets may be reduced by their long continued and progres- 
sive action. 

The exccntricity of the eartli has been decreasing from the 
earliest times of astronomical observation; and her satellite, the 
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moon, has been moving more and more rapidly from the time of 
the fii'st-recorded eclipse. It is not irrational therefore to inquire, 
where will these changes end? A\liat but destruction can j-esult 
from these innovations on the beauty, liarmony, and stability 
of the system? But the Author of the incomparable mechanism 
of the univei-se has not left his work to disatrange and destroy 
itself. There is a limit to these changes in the very constitution 
of systems. They may progress for a time, but the causes 
themselves must cease to act, and the bodies that are for awhile 
disarranged will he brought again to their first condition. It 
may he readily imagined tliat it is not easy to estimate the 
amount of these perturbations, or the time when they will he 
conected, for it must be rcmeinhered that every change in 
the [)ositi()n of the disturbing bodies, will cause an alteration 
in the motion of the body acted upon. But Lagrange and 
Laplace have proA^ed that these perturbations cannot exceed a 
certain limit, Avhich will never affeet the stability of the system. 
The effect produced upon a planet ly the attraction of minor 
bodies, is only periodical ; the causes produce a maximum 
result and then cease to act, so that the disturbed body is 
brought again into the orbit from whicli it had wandered, 
without deranging the ordcu- of the system. 

Nothing can give us a more elevated notion of the wise 
arrangements of the Supreme than such considerations as these. 
If these b(^dies had been projected with either greater or less 
velocity than vas originally given to them, they would have 
moved in orbits of greater or less excentricitics, and then tin* 
stability of the entire system would have been destroyed, and 
an element of destruction have been introduced. No other 
arrangement, as far as wc can judge, would have produced the 
desired effect, or ensured the combination from destruction. 

THE FORCE OF GRAVITY. 

We have made some allusion to a force which wc have called 
the force of gravity, and w'e should give a very imperfect notion 
of the relations of the earth, if some allusion were not made to its 
influence upon matter in general, and uj)on the celestial bodies 
in particular. It is by virtue of this force that unsupported 
bodies, near the earth, fall doAvuAvards ; that they exert a 
pressure on the surface on which they rest ; that the planets 

c 2 
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revolve round the sun, and the satellites round their prima- 
ries ; it is, in fact, the cause of nearly all the phenomena of 
motion which we observe around us. The origin of this force 
we cannot determine, but the circumstances under w^hich it acts, 
and the laws by which it is governed, are perfectly understood. 

It is a law of gravitation that bodies attract each other accord- 
ing to their masses. Thus, if two bodies exist in space beyond 
the influence of all other matter, one being a mass twice as 
gi*eat as the other, they will exert a mutual attraction ; but 
wliile the larger approaches through a space equal to one, the 
less will move through a space equal to two. If the greater 
mass be doubled, then the less will feel the force of its increased 
attraction, and advance through a space equal to four, while the 
larger advances one. There is no difficulty in understanding 
this law, for as all bodies attract each other according to their 
masses, so every particle in the universe attracts every other 
particle : and it is in obedience to this force that all bodies pro- 
jected from the surface of the earth fall to it again. Matter is 
in itself perfectly passive and inert, and when we perceive it to 
be in a condition of rest or motion we may be certain that the 
state is produced by some external force. It will therefore 
follow that, independently of the force of gravity, there is no 
reason why a body should fall downwards, it should rather 
take the direction in which it is thrown. But as different 
bodies fall to the earth in different times, it may perhaps be 
difficult to identify the law to which we have alluded. The 
entire attractive force of the earth is exerted upon each in- 
dividual atom of all bodies, and consequently they ought, 
whether large or small, to fall in equal times. The difficulty, 
however, is removed by the consideration that the air acts 
upon the surface of bodies; and of two substances equal in 
weight, but of different volumes, that will fall first wliich 
presents the least resistance to the air. A stone and a feather 
would fall from a height in equal times, in a vacuum ; but 
when exposed to the retarding influence of the air, the stone 
falls first, not because it is more powerfully attracted by the 
earth, for the same force is exerted upon its particles as upon 
those of a feather, but because it is, in proportion to its mass, 
less resisted in its progress through the atmosphere. 

This attractive force between two bodies varies inversely 
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as the square of their distance, or, in other words, the attraction 
decreases as the square of the distance increases. Suppose a 
body to be attracted by another with a force equal to one, at a 
distance represented by one ; at the distance of two the force 
will only be one-fourth ; at three, one-ninth ; and at four, one- 
sixteenth. 

With a knowledge of these two laws there will be no diffi- 
culty in accounting for the fall of bodies, whether they are 
raised into the air and abandoned, or whether they are dropped 
into a mine or well from the surface of the earth. To deter- 
mine the direction of gravity, it is only necessary to ascertain 
the line in which bodies fall. The direction of a thread sus- 
pended one end, and having a heavy ball attached to the 
other, will give tlie direction of gravity, for the line into which 
it is drawn, must be regulated by the action of the force of 
gravitation, and hence wo determine that the tendency of the 
pownr called terrestrial gravity is to draw all bodies towards 
the centre of the earth, or, in other words, its direction is in a 
perpendicular to the surface of still w’ater. 

CUimLINEAB MOTION. 

But if a body be cast obliquely into the air this tendency will 
be greatly modihed, for although it will be brouglit to the earth, 
yet it will be deflected from its rectilinear path, and if there 
were no impediment, would never reach the centre of the earth, 
but continue to revolve around that point. But why does the 
stone move in a curve ? wdiy does it not take a rectilinear 
path to the point tow'ards wdiich it is thrown ; and when that 
force is destroyed, why does it not fall in a perpendicular line 
to the earth ? Bodies are made to move in curves when one 
of the forces by which they are influenced is an accelerating 
force ; that is, when it causes a body to move faster and faster 
by its continued action. A certain projectile force is im- 
pressed upon a stone when it leaves a sling; and it moves 
with a velocity proportional to that force until the power 
is expended, and then it begins to fall. But gravity is a force 
that acts continually upon a body, not only at the moment 
it begins to fall, but every instant during its descent, so 
that in calculating the time required to bring a body from 
any height to the surface of the earth, an estimate must be 
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made of its constantly increasing velocity. The force of gravity 
is thus an accelerating force, and when it acts upon bodies 
moving obliquely to its line of direction, a curvilinear motion 
is produced. 

Sir Isaac Newton chose the sling as an illustration of his 
doctrine of the curvilinear motion of the planets. Now in this 
instrument, or toy, wc observe that a stone -placed in the bag 
of a sling makes an incessant effort to escape, but is restrained 
as long as the string is licld in the hand. The string may repre- 
sent the attraction of a central body, or, as it is technically ex- 
pressed, the centripetal or centre-seeking force ; the stone is the 
revolving body, and the effort it makes to leave tlio string is 
called the centrifugal or centre-flying force. But it is evident 
that some power is necessary before these forces can be de- 
veloped, for the string may be attached to the sling without 
producing motion ; some impulse must he impressed before the 
body will begin to revolve, and tliis is effected by a sudden effort 
of the hand, and that is called the projectile force. 

It is easy to apply these remarks on the sling to the motion of 
the heavenly bodies, which is entirely dependent on the con- 
tinued action of a centripetal and centrifugal force. 

Let the body A, representing the earth, be j>roj acted along 
the line AH, into space, and if it be acted on by no other force, 

it will move in that line for 
ever. But let S, the sun, 
begin to attract it with an 
adjusted force, at the same 
moment that the projectile 
force is impressed, and it 
will revolve in a curvilinear 
line, as ATV\^, instead of 
flying off in the line AIL 
Now, according to the power 
of the projectile force will 
be the curve of the planet’s 
motion, and hence it is that 
we pe^’ceive an evidence 
of design in the forms and arrangements of the orbits of 
these bodies. If either the centripetal or centrifugal force 
were to cease, the connexion between the members of the 
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solar system would be immediately dissolved ; in one case they 
would be thrown abroad in space, and in the other they would 
rush towards the body of the sun, which they would reach in 
longer or shorter times, according to their distances. The fol~ 
lowing table will show the times in which the planets would 
fall to the sun, if the centrifugal force generated by their 
revolution were destroyed. 


Days. Ifours. 


Mercury vvould fall to the Sun in 

Vt 

1.) 

.‘ID 

I.'i 

17 



10 



0 

Juj 

2!K) 

0 

Sati 


0 

(Jo 


0 

'I he Moon would fall to the Earth in 

4 
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TDK RELATIVE MAGNITUDES AND DISTANCES OF THE 
PLANETS. 

We have now ascertained that the earth is an oblate spheroid, 
having one revolution on its axis, and another round the sun as 
the centre of the system to which it tielongs ; and wc have traced 
the origin of that wonderful combination of w^orlds forming sys- 
tems, and have explained the action of the forces by which their 
motions are produced and their stability ensured. To give an 
idea of the relative magnitudes and distances of the planets we 
cannot do better than quote a passage from Sir John Ilcrschers 
very elegant and masterly Treatise on Astronomy. “ Choose 
any well-levelled field or bowding-green, on it place a globe two 
feet in diameter ; this w’ill repre.scnt the sun ; Mercury will be 
represented by a grain of mustard-seed, on the circumference 
of a circle of lOd feet in diameter for its orbit ; Venus a pea, 
on a circle 284 feet in diameter ; the Earth also a pea, on a 
circle of 430 feet ; Mars a rather large pin s head on a circle of 
G54 feet; Juno, Ceres, Vesta and Pallas, grains of sand, in 
orbits of from 1000 to 1200 feet; Jupiter a moderately sized 
orange in a circle nearly half a mile across ; Saturn a small 
orange on a circle of four-fifths of a mile ; and Uranus, a full- 
sized cherry, or small plum, upon the circumference of a circle 
more than a mile and a half in diameter. As to getting correct 
notions on this subject by drawing circles on paper, or, still 
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worse, fi*om those very childish toys called orreries, it is out of 
the question. To imitate the motions of the planets in the 
above-mentioned orbits, Mercury must describe his own dia- 
meter in forty -one seconds ; Venus in four minutes and fourteen 
seconds ; the Earth in seven minutes ; Mars in four minutes 
forty-eight seconds; Jupiter in two hours fifty-six minutes; 
Saturn in three hours thirteen minutes; and Uranus in two 
hours sixteen minutes.** 

The reader may gain some idea of the relative magnitudes 
of the planets by reference to Plate I. 

How little does the world which is our habitation appear 
when compared with the system to which it belongs ; but how 
much more so when contrasted with the immensity of the 
universe ! What a sublime sight is presented to vie%v when the 
bright hemisphere with its million worlds is unveiled before us ; 
worlds tliat, for aught we know, may be as thickly inliabited as 
our own ! But all these are at a distance too great to be 
measured, and yet possessing an independent liglit sufficiently 
intense to cast a glimmering ray upon the earth. The astronomer 
says they arc suns, and in all probability ’the centres of systems 
as large and important as that of which the earth is a member. 
No appearance in material existence can, perhaps, raise our 
conception of the wisdom and power of the supreme mind so 
high as a view of the celestial sphere when presented to the 
sight by the aid of art; and the adoration that is excited can 
only be increased by a combined estimate of the mighty energy 
that supports all these systems, and the solicitude that is 
evinced in the provisions which have been made for animal 
existence, and for the endless happiness of man. 

But although the earth appears so trifling a thing wdien com- 
pared with the system of the universe, it will not be uninteresting 
to attempt an explanation of the many curious phenomena by 
which it is distinguished. Tilings are great or small by com- 
parison, for all our conceptions are relative. It is important 
tliat we should know something of the system with which the 
earth is connected, and something of the universe of which it is 
a member. In the review of these, wo are struck by their 
magnitude and sublimity; and when we compare the earth with 
them, we are startled by the idea of its minuteness. But the 
mind which is impressed with the sublimity of celestial pheno- 
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niena will not fail to acknowledge the grandeur of a mountain 
scene, or of the ocean in a storm : the volcano will not appear the 
less terrible, or the lightning the less grand. Our investigation 
of the relation that the earth hears to the universe may there- 
fore, it is hoped, rather stimulate than repress our anxiety to 
know something more of the globe on which we dwell, and the 
appearances by which we are surrounded. 

DAY AND NIGTIT. 

It has been stated that the earth, mstead of being, as might 
he imagined, the centre of the universe, is an almost insignifi- 
cant member of a small system ; it is in fact a little planet, 
having a rotation on its axis, as well as a revolution round the 
sun, the source of its light and heat. From these facts it fol- 
lows, that at all times one half of the eartli's surface must be 
illuminated by solar rays, and the other must be in a state of 
entire or partial darkness. (Plate II. fig. 1.) When the sun is 
above the horizon of any place, it is illuminated by the light 
which is brought into action by its presence. But the mere 
presence of the sun above the horizon would not be sufficient to 
spread over the exposed hemisphere the cheering influence of 
its beams. Were there no atmosphere, or did that which 
envelops our planet possess no reflective and scattering powers, 
then an object placed at ever so small a distance from the direct 
beams of the sun would be shrouded in a midnight obscurity. 
But the dispersive power of the atmosplierc scatters the light 
in cvoiy direction, and the whole of one hemisphere is always 
illuminated. The origin of the inequality in the length of 
day and night will be evident when we speak of the seasons, 
which, although they essentially depend upon the celestial 
relations of the earth, will be more properly discussed when we 
speak of the phenomena resulting from the distribution of 
heat. 
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Comets — Astral influenee.— llallej’s Comet. — Physical (’ormtitution and 
Orbits of Comets. — Nebwlai.— EcrBchel’s opinions,— Phases of thi' JMoon. 
— Eclipses. 

Astronomy has greatly aided the progress of civilisation, 
and has proportionall}' benefited society, hy explaining celestial 
appearances. Without the information it conveys, the human 
race would still witness with terror many phenomena of daily 
occurrence. Tlie security of past ages against injury from 
celestial appearances would not be sufficient, in all instances, 
to quiet our foal's ; but ignorant of the mysterious motions we 
observe, new causes of terror would suggest themselves, while 
the illiterate and superstitious would he constantly exposed to 
the imposition of the craRy. 

By the expression celestial appearances wc do not intend 
to include all those phenomena witnessed in the heavens, hut 
those only which are connected with the conditions and motions 
of the celestial bodies. There are many phenomena which 
have their oiigiii in the region of the clouds, such as lightning 
and the aurora borealis : to these we shall make no reference in 
this chapter, hut introduce an explanation of them when con- 
sidering the causes from which they derive their origin. The 
most striking celestial appearances, and those to which allusion 
will he made in this place, are Comets, NebulsB, Eclipses, and 
the Phases of the Moon, 


COMETS. 

Comets were long beheld with a feeling of superstitious awe 
as the harbingers of evil. Reasoning from assumed principles, 
men were accustomed to regard them not only as the forewamers, 
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but as the causes of political convulsions. All human affairs 
were supposed to be under the control of celestial influences; 

and it is not 
strange that 
comets were 
invested with 
an uncom- 
mon degree 
of exciting 
power. There 
is abundant 
historical evi- 
dence to prove 
that the art 
of astrology 
was practised 
among the 
earliest na- 
tions, and 
that its au- 
thority was admitted by successive generations. Not only 
was it used in the temples and oracles of the Greeks and Romans, 
but also in Assyria, Babylonia, Egypt, and Hindostan. Jii 
all these countries it was practised, and by universal consent 
acknowledged to be the most noble of all sciences. It was this 
that gave the priesthood so entire and enslaving an influence 
over the public mind, led to the establishment of sanguinary 
superstitions, and was tlic origin of idolatry itself. 

It is not perhaps singular that the early nations, who are 
known to have paid great attention t(» celestial phenomena, and 
especially to the relative motions of the heavenly bodies, should 
have chosen them as the means of their divinations. The influ- 
ence which the apparent solar motion exerted upon the seasons, 
and the rising of particular stars as the forerunner of periods, 
may have induced them to feel an especial interest in astronomical 
phenomena, and have been a reason for the choice that was 
made of them as emblems. But whatever influence these 
thoughts may have had in after ages upon the minds of philo- 
sophers, there can be no doubt that a pervading and universal 
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belief in astrology, or the influence of the stars upon the moral 
character, the intellectual powers, and the individual fortunes 
of mankind, prompted those investigations which have made 
astronomy the most perfect of all the sciences. The cylinders 
found in the ruins of Babylon, Nineveh, and other ancient 
cities, might be mentioned to prove the universality of a belief 
in astral influences, for they are generally acknowledged to be 
horoscopical devices employed by individuals as signets, and 
only differing from the seal now employed in being of a 
cylindrical form, and containing the engraved emblematical 
representation of the planets at birth, instead of tlie devices 
assigned by the College of Heralds. In the works of the most 
ancient potds there are frequent allusions to the representation 
of celestial bodies, and they appear to have been almost the 
only designs used on the armour and shields of warriors. 
We often read of the flaming star, by wliich is probably meant 
a comet, as having been employed ; Achilles bore on his shield 
the full-orbed moon, Orion, and the Pleiades ; and the shield 
of Tydeus was marked 

“ W'ith this proud argument ; a sable sky 

llurning with stars, and in the midst full-orb'd 

A silver moon.” 

It may also be mentioned that the designation of warriors 
and legislators as the sons of the gods was not received in its 
literal application, as if their descent could be traced from them ; 
but is another proof of the universal belief in astrology among 
the Greeks and Romans, and means nothing more than that 
they were bom under the influence of a certain star, for stars 
w’erc invested with the attributes of divinity. Lucan is explicit 
on this point where he says, ‘‘ How can we suppose that iEneas 
was the son of Venus, Minos of Jupiter, Asedaphus of Mars, 
and Autolychus of Mercury 1 All of them were beloved by the 
gods, but Venus beheld one, Jupiter another, and Mars another 
at their respective nativities, for which soever presided at the 
time of birth was supposed to adopt the children, and form them 
after his own similitude in body and in mind. Thus Minos was 
a king, under Jupiter; iEneas was beautiful, as bora under 
Venus ; and Autolychus a thief, from his father Mercury." 

Without extending our remarks upon the universal belief in 
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the influence of the stars, which obtained in the early and 
middle ages, it will be evident that the opinion must have been 
exceedingly injurious to an ignorant people, conforming itself 
as it does to the indolent habits of man, by favouring the 
belief that all the circumstances of his life are fixed, independent 
of the exertions he may make. With such a sentiment the 
mind was prepared to expect some personal result to attend 
every celestial appearance, and both comets and eclipses were 
viewed with terror, increased by the ignorance of the nature of 
the one, and the cause of the other. 

The physical constitution of comets is little better known in 
the present day than in former times, though the ancients 
appear to have differed in opinion as to their character. The 
Peripatetics described them as meteors, while Aristotle, Plu- 
tarch, and others, class them among the planetary bodies. 1 
camiot believe,” says Seneca, “ that a comet is a fire suddenly 
kindled, but that it ought to be ranked among the eternal works 
of nature. A comet has its proper place, and is not easily 
removed from it ; it goes its course and is not extinguished, but 
moves from our view. But, you will say, if it were a wander- 
ing star, it would keep in the zodiac. Yet who can set one 
boundary to all the stars ? Who can confine the works of 
divinity to a narrow space ? For each of those bodies which 
you imagine to be the only ones that have motion have very 
difierent curves ; why, therefore, may there not be some that 
have peculiar motions of their own, by wliich they are caused 
to recede far from the rest 

Newton discovered that comets are bodies moving in fixed 
orbits round the sun. As soon as this philosopher had discovered 
the laws of universal gravitation he applied them to the de- 
termination of the motion of comets ; for having proved that, 
according to the conditions of that force, a body might describe 
any conic section about the sun, he believed it possible that 
comets, in their apparently irregular motions, might be governed 
by gravitation. The comet of 1680, which approached the sun 
to within one-sixth of its diameter, enabled him to test the truth 
of his conjecture, and he proved that it moved in an elliptical 
orbit of so great an excentricity that it could not be distinguislied 
from a parabola, having the sun as one of its foci ; and that, as 
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in the case of the ])lanets, the areas described about the sun 
were proportional to the times ; a law discovered by the illus- 
trious Kepler. From this calculation it became evident that 
the comets were governed by the same laws as the planetary 
bodies, and that the orbits of the fonner differed from those of 
the latter in the gi*eat elongation of their elliptical paths. 

Halley applied the principle discovered by Newton, and by 
calculating the elements of the comet which ap])eared in 1 082, 
from its perihelion passage, identified it as that which had been 
seen in 1531 and 1007, and predicted that it would be again 
visible in the year 1759. After this, Clairaut, a French astrono- 
mer, computed the influence that would be exerted upon it by 
the planets, and calculated that if it retained its period it 
would be delayed about 018 days, and that it would pass the 
perihelion about the middle of April 1759 ; but it made its peri- 
helion j)assagc on the 1 2th of March, a time sufficiently near to 
prove the accuracy of the princijilc. This comet, called after 
the celebrated astronomer, Halley, who first calculated its 
elements, was vi8il)le in the year 1835. It was expected 
on the third of August, and was discovered by the astro- 
nomers at the Obsers’atory of the Colhgio Roinana on the fifth 
of that month. On account of the cloudy weather, and the 
great glare of moonlight, it was not seen in any other part of 
Europe till the twenty -second of August, when it was observed 
at Berlin, and on the twenty -third it was discovered by the 
astronomers of England. Its path had been jireviousiy calcu- 
lated by several eminent mathematicians, especially by Lub- 
bock, Damoiseau, and Pontecoulant, all of whom formed an 
estimate of its course closely approximating to the curve in 
which it moved. ( Plate HI.) 

The nature of comets, and the purposes they serve in the 
system to which they belong, are almost entirely unknown. 
No probable explanation has yet been given of the character of 
that train of luminous matter frequently appended to them, and 
very inappropriately termed the tail, since it frequently precedes 
the body itself. The tail is sometimes of very considerable 
length. Aristotle states that the tail of tlie comet which appeared 
in 371 A.C., occupied a third of the hemisphere, or GO® ; that of 
1580 is said to have covered an extent of more than 70®; and 
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that of 1618, 104<^. But a tail is not a necessary appendage to 
a comet, for some have been quite destitute, as were those 
of 158.5 and 1768; while others have had several tails: 
that of 1744 had no less than six, which spreading out in the 
form of a fan, extended over a space of nearly 30^. A very 
small condensed spot has been observed in the heads of some 
comets, but the fixed stars may be seen through tlie densest 
parts of many, and from the circumstance that none of them 
have exhibited phases, though they undoubtedly shine by 
reflected light, it is supposed that they have no claim to be 
considered as solid bodies, but have in all probability the condi- 
tion of the lightest vapour. 

The appearances of several hundred comets have been 
recorded ; but in estimating their probable number it should be 
remembered that only the largest among them could have been 
observed previous to the discovery of the telescope ; and that 
many are not seen, on account of their traversing that part of 
the heavens which is above the horizon in the day-time, although 
it has sometimes happened that they have been sufficiently 
bright to be seen in spite of the solar beams, as was that which 
preceded the death of Cjcsar, and those wdiich w^ere ol)served in 
1402 and in 1532. Yet scarcely a year passes without an 
apj)carance of one or two comets, and it occasionally happens 
that two or thrf'e are visible at the same time. According to a 
calculation, on the theory of probabilities, by Mrs. Somerville, 
there may be no less than fourteen hundred comets that range 
wdtliin the earth’s orbit, and Ilcrschel being twenty times more 
distant, there may be no less than eleven millions two hundred 
thousand comets that come within the knowm extent of our 
system. Tliis calculation w'as founded upon the circumstance 
that a hundred and forty comets appeared within the earth’s 
orbit last century. 

The calculations that have been made to determine the dimen- 
sions of comets prove that they are by far the largest bodies in 
our system. The greatest length of that which ap})eared in 
1753 w’as sixteen million leagues; that of 1811, thirty-six 
millions ; while that of 1680 was not less than forty-one million 
leagues. 

The path of a comet is frequently" deranged, and sometimes 



32 


NEBULOUS APBEABANCES. 


entirely changed, by its proximity to the planets. That which 
appeared in 1770, revolving in a moderate ellipse, in a period of 
about five years, passed among the satellites of Jupiter; and 
was so affected by the planet itself, that it was thrown out of 
its path, and afterwards moved in a much larger orbit. To the 
same cause we may often attribute the gradual dissipation of the 
tail of a comet, and its being retarded in its orbit, though at 
other times the latter effect may be attributed to the resistance 
occasioned by passing through a rare ethereal medium in the 
regions in which it moves. This cause has been acting upon 
Encke*8 comet, the velocity of which has been continually 
decreasing, and with it consequently the centrifugal force ; so 
that should the centripetal force continue to increase in power, 
the comet must ultimately fall into the body of the sun, if it 
be not previously dissipated, a circumstance by no means 
improbable, as it decreases in size every revolution. 

NEBULiB. 

There are appearances in the heavens called nebulae, concern- 
ing which we may make a few remarks, although they come 
less within our objects of inquiry, as they are chiefly telescopic. 
These nebulae exhibit a variety of appearances, sometimes 
presenting themselves as globular clusters of stars and some- 
times as diffused nebulosity. Many are, no doubt, stars at 
so enormous a distance from us that they can only be dis- 
tinguished by the doubtful light they throw around them. 
Others have been supposed to consist of phosphorescent matter, 
which either extends itself over the heavens, or is condensed 
around some star, or dense matter. Sir William Herschel 
has delineated a very beautiful nebulous formation in Orion, 
(Plate 11. fig. 2,) which he observed with his large telescope, 
Huygens, speaking of this nebulosity, says, ‘Hhat its appearance 
had the same effect upon an observer as that which might be 
supposed to proceed from raising a curtain that hid an ocean of 
light, the waves of which were irregularly illuminated.” 

To the question, what is the ultimate destination of these 
nehulee, we can only answer by conjectures. Sir William 
Herschel thought he could trace a regular series of changes from 
a simple distribution of nebulous matter to that of a nebulous 
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star ; and some astronomers believe that a condensation of this 
matter is constantly going on, and that new worlds are daily in 
the process of formation. This is a vast conception, and if the 
mind could at all adequately grasp it, would give an overwhelm- 
ing impression of omnipotent skill ; but there are some men 
who exclude God from all his works, and invest with his dig- 
nity and sovereignty that indefinable tiling they are pleased to 
designate cliance. The great mind of Laplace was tainted with 
this unaccountable and unphilosophical heresy ; and, under its 
dictation, availed himself of the discoveries that were made by 
Sir William Herschel for the invention of an hypothesis by which 
to account for the formation of the planets, and the sun itself, 
from a nebulous luminosity, which he was pleased to designate the 
primitive cause. Laplace imagined a time when the sun, having 
a revolution on its axis, was surrounded by an atmosphere, 
which, on account of the excessive heat of the luminary itself, 
became so dilated, that it extended beyond the space in which the 
m{)8t distant planet of the solar system now revolves. But in 
proportion as the temperature of the sun decreased, or, in other 
words, as the solar atmosphere was condensed, the rotation 
increased, and the centrifugal force of the most distant portion 
of the atmosphere overcoming the centripetal force, that is the 
attraction of the sun, a ring of vaporous mater w^as separated, 
which breaking into pieces, reunited, and formed an indepen- 
dent mass, which began to revolve around tlie source of l%ht. 
As the cooling went on, other zones were thrown from the mass, 
and thus a series of vaporous planets were formed. As these 
detached masses of vapour were cooled and condensed, they, like 
the sun itself, also threw off a portion of their matter for the 
formation of rings or satellites. By this singular hypothesis, 
which is built on no other foundation than a conjecture as to 
the ultimate destination of the now existing nebulous matter, 
the French philosopher accounted for the formation of the solar 
system. We cannot, however, conceive how the reception of 
such a theory could at all advance his object, or prove that the 
primitive cause of material existence was a fortuitous combina- 
tion of atoms ; for, admitting the truth of his hypothesis, it may 
still be asked, whence the atoms, and the properties by tvhich 
they were distinguished ? 
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PHASES OF THE MOON. 

The phases of the moon may also be mentioned as celestial 
appearances worthy of attention, and come more immediately 
under our consideration than those just mentioned as being con- 
stantly visible to the naked eye. The moon is not inherently 
luminous like the sun, but becomes visible by reflecting the 
solar beams. If the moon's surface were smooth and polished, an 
appearance very different from that now exhibited would be 
observed, for it would not then reflect light in every direction, 
but at certain periods an intensely brilliant image of the sun 
would be seen. The moon is a rough and opaque body, and, 
like the primary planets, reflects a portion of the rays that are 
thrown upon its illuminated surface, that is upon the hemisphere 
nearest to the sun. 

The surface of the moon, as a telescopic object, presents a 
most interesting appearance, (Plate IV,) being divei*sified with 
mountains, valleys, and plains, having apparently all the varie- 
ties of distribution that are known to exist on the surface of 
the earth. Some of the mountains form elevated continuous 
ridges, others are insulated and conical, having the precise form 
of the terrestrial volcano. It may appear a bold statement 
tliat there are lunar volcanoes in different stt^es, but those who 
have an opportunity of observing the moon s disc, with a toler- 
ably good telescope, for a few months, may easily convince 
themselves of the truth of the assertion. 

But the inhabitants of the earth can only see that part of the 
moon's body which is turned towards the earth, and conse- 
quently she presents difterent appearances according to the 
relative position of the illuminated disc. It will be readily 
perceived that when the moon is between the earth and the 
sun, she must be invisible to us, since her dark surface is pre- 
sented ; but when the earth, by her revolution, comes between 
the sun and herself, then her illuminated disc becomes visible 
to us, and she is said to be at her full. As she revolves in her 
orbit from one of these points to the other, portions of the 
illuminated surface are seen upon the earth, and this is the 
origin of her phases. 
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A complete revolution, that is from new moon to new moon, 
is called a lunar month, but this period is not equable, as it 
would be if the sun itself had no apparent motion ; but as it has 
an apparent tliough slower motion, in the same direction as the 
moon herself, a longer time will be required in order that she 
may again be brought into conjunction w ith the sun. 

Let E represent the earth, and ah c &c., the moon in 
dilFerent parts of her orbit, and S the sun at its real distance. 
Now in whatever part of the orbit the moon may be situated, 

there is al- 
ways one 
enlightened 
and one dark 
hemisphere. 
When in 
the position 
a, that is 
when in 
conjunction 
with the 
sun, the dark 
part is turn- 
ed toward 

the earth ; when she comes to half the bright hemispliere is 
presented, and the same happens when she is situated at c; 
but w^hen she is at e the whole of the bright surface is towards 
the earth, and there is therefore a full moon. When the 
moon is situated at h and less than half the bright surface 
will be presented, wdien at d and / more. 

The orbit of the moon, like that of the planets, is an ellipse, 
hut considerably more excentric, and its plane does not coincide 
with that of the ecliptic, hut is inclined to it at an angle of 
5* S' 48", which is called the inclination of the lunar orbit, and 
the two points where the moon s orbit intersects the ecliptic are 
called the moon's nodes ; that in which the moon passes from 
the southern side of the ecliptic to the northern is called the 
ascending node ; and the other, the descending. This fact will 
assist us in explaining the circumstances under which solar and 
lunar eclipses are produced. 
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ECLIPSES. 

An eclipse is the interception of the h’ght of one of the 
luminaries by the interposition of an opaque body, and in 
respect to their objects are characterised as the eclipse of the 
sun, and the eclipse of the moon. In regard to the chcumstance, 
it may be total, partial, or annular, the last epithet being given 
to that in which the whole of the body is darkened except a 
narrow rim of the exterior or edge ; or, in other words, when 
an annular eclipse occui*s, a fringe of light is exposed round the 
edge of the shadowed luminary. 

An eclipse of the moon is occasioned by the intervention of 
the body of the earth directly between herself and the sun, thus 
intercepting the sun's rays ; or it may be otherwise described as 
resulting fi*oin the passage of the moon through the shadow of 
the earth. When we observe an eclipse of the moon, the 
lunarians* if indeed the moon be inhabited, must at the same 
moment witness a solar eclipse. 

Let AB represent the sun, and CD the earth, tliat hemisphere 

opposed to 
the sun's 
body will be 
illuminated 
by it, and 
the other 
will be dark 

so that if we prolong the lines AC and BD until they meet, it 
will be the space within which the shadow of the earth extends, 
and any body, as the moon, M, entering it, no part of the sun's 
disc could be seen from it ; this shadow is called the umbra. 
There is a space beyond the umbra, in which a spectator 
being placed would see only a portion of the sun s disc, the 
other part being intercepted by the body of the earth, and 
this is called the penumbra. 

In a lunar eclipse the body of the moon is observed to enter 
the penumbra, for she is less and less distinctly seen until she 
at last enters the real shadow of the earth, one part after an- 
other disappeaiing ; and when she has passed through the 
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sliadow she comes progressively into view ; at first as though 
surrounded by a haze, until, having passed the limits of the 
penumbra, she regains her accustomed brightness. The cone of 
the earth's umbra extends beyond the orbit of the moon, so 
that, if she be in her node at the time when she comes into con- 
junction with the earth and the sun, she must pass tlirough the 
umbra of the earth, and a total eclipse will be observed ; but 
the eclipse may also be total if she be only a short distance from 
her node, or, to express the fact more definitely, if the moon s 
latitude be equal to the apparent semi-diameter of the earth's 
shadow, minus the semi-diameter of the moon’s disc. All lunar 
eclipses are imiversal, that is to say they are visible at all those 
parts of the earth where the moon is above the horizon, and 
present the same appearance as to magnitude and duration. It 
may also be obseiTcd that the eastern side of the moon first 
immerges into and emerges from the shadow, for the motion of 
the moon being swifter tlian that of the earth’s shadow, she 
approaches it, and having passed through loaves the shadow to 
the westward. 

An eclipse of the sun is occasioned by the interposition of the 
body of the moon between the earth and the sun, and conse- 
quently can only occur at the time of tlic new moon. 

Let All represent the sun, M the moon, and CD the earth. 
Now if the shadow or umbra of the moon extend so far as to 

cover a por- 
tion of the 
earth’s sur- 
face, an indi- 
vidual situa- 
ted thereon 

would observe a solar eclipse. An eclipse of the sun differs in 
many particulars from an eclipse of the moon ; it does not present 
the same appearance on all parts of the earth where it is seen, 
for in one it may be total, in another partial, and in a third 
annular ; nor can an eclipse of the sun happen at all the places 
where the sun is visible, as the penumbra cannot under any cir- 
cumstances cover a hemisphere ; it is not seen in all places at 
the same time, and it always commences on the western aide. 

The object of this sketch prevents us from entering into any 
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further particulars relating to eclipses, and especially into any 
details of a practical character. The reader will not, however, 
it is hoped, be satisfied with this outline, as he may easily 
acquaint himself with the method by which these phenomena 
are predicted, and will find more satisfaction in determining the 
time when an appearance of this kind will be witnessed, and 
will acquire inoi-e information by doing so, than he could obtain 
from such details as are suited to the character and objects of 
this volume. 

Tills phenomenon is one of great importance to us, and 
must be equally so to the inhabitants of the moon, if that 
planet be inhabited by beings of capabilities and wants similar 
to ourselves. The opinion that the earth is a spherical l>ody 
is confirmed by a lunar eclipse, for the shadow of the 
earth upon the lunar disc is always bounded by an arc of a 
circle. Now this could not be the case if the shadow were 
not conical, and the shadow could not be conical if the 
earth were not spherical. It may also be deduced from 
the same phenomenon, that the sun is larger than the earth, 
and that the earth is larger than the moon ; for if the sun were 
not larger than the earth, the shadow could not converge, or 
end in a point ; and if the earth were not larger than the moon 
the latter could never be totally eclipsed, but the earth's 
shadow envelopes it at the distance of the lunar orbit. By 
eclipses, and especially those of the moon, the longitude of 
places may be determined, the latter being peculiarly adapted 
for the solution of this problem, because the appearance is the 
same in all the places where it is visible. 

It must not, however, be forgotten, that the calculation of 
the periods when eclipses have occurred, has soraetimqs assisted 
in determining the time of historical events ; and thus astronomy 
has lent its aid to literature. It is stated by Thucydides, that 
a solar eclipse was witnessed at Athens, in the afternoon of a 
summer s day, in the first year of the Pleoponnesian war ; and 
it was so nearly total that the stai’s made their appearance. By 
calculation it is found that this happened at about six o'clock 
in the evening, on the third of August, in the year 431 before 
Christ. When it is remembered that all our divisions of time 
are founded upon the motions of the heavenly bodies, and the 
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phenomena which are thus produced, it will not appear singular 
that the record of eclipses should often assist the chronologist 
in the determination of dates. The paths, periods, and irregu- 
larities of the moon and the earth being known, it is not a veiy 
difficult task to determine the times when eclipses have occurred. 
An industrious and persevering man might easily compute the 
times when the sun or the moon has been eclipsed, as well as the 
times when they w ill be ; and from these he might ascertain 
the dates of many remarkable political or national events. The 
attention of men has ever been directed to a consideration of the 
appearances exhibited in the heavens, and they seem to have 
been always conscious that no terrestrial phenomenon could be 
employed to measure the lapse of time. These two circum- 
stances may probably account for the frequent allusion to 
astronomical occurrences in the works of the ancient historians 
and poets. 

There are other celestial appearances, beside those which 
have been described, that are occasionally witnessed from the 
earth ; but those that have been mentioned are the most re- 
markable, It is seldom that men take an enlarged view of 
the influence of scientific knowledge upon the public mind. 
They speak of it as calculated to raise the intellectual 
standard, to free the individual from the dotninant control of 
superstition or fear, and to give him great capabilities of gene- 
ralisation. But the advantages of knowledge can be appre- 
ciated only when w e can perfectly realise the condition of a 
society in which it had never existed, if indeed a society could 
exist under such conditions. Compare the feelings w^hich an 
individual of that community would experience during a solar 
eclipse with those wdikh would be indulged by one who, though 
he could not account for it, had made himself acquainted 
with some of the laws which govern the most remarkable celes- 
tial phenomena. The one would be terrified by an appearance 
that he must have heard of by tradition, or perhaps may have 
himself witnessed ; the other, under a full conviction of the 
admirable aiTangement of all natural causes, deduced from liis 
limited knowledge of their operation, wrould be induced to seek 
some information concerning the origin of this newly-exhibited 
effoct, and would bo ashamed to entertain, and much more to 
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express, a fear until he knew it to be justified by reason. Our 
object, however, in describing the celestial relations of the 
earth, and the astronomical phenomena witnessed upon its 
surface, has been, to give the reader as comprehensive a view 
as possible of its relative position, and the means by which it is 
retained in its position, feeling certain that the personal advan- 
tages to which we have occasionally alluded, will be enjoyed by 
every earnest inquirer. 
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THE ATMOSPHERE AND ITS PROPERTIES. 


Proofs of the existence of a Terrestrial Atmosphere,— Composition of Atmo* 
spheric Air — Properties of the Atmosphere. — IJalloonb— Elasticity and 
pressure of the Atmosphere.— Harometers — ^T.<nTiit.s of the Atmosphere, — 
Adaptation of the Atmosphere to Animal Life.— Air a conductor of Sound. 
— lichoos. — W ind. 

The earth is surroiindeti by an immense aerial ocean, which 
is an important agent in supporting animal and vegetable life, 
and in sustaining the present condition of the phenomena around 
us. An atmosphere is not the necessary appendage of a w’orld, 
but we have evidence both within and without us to prove that 
the eartli is enveloped by a gaseous medium, and tliat it is of 
no small importance in the economy of tcmstrial conditions. 
Were we to select from the phenomena we occasionally witness 
a few that might prove the existence of an atmosphere round 
our planet, we might mention the resistance it oflPers to bodies 
in motion, the force with which at other times it propels them, 
and the colour it gives to the ethereal vault. 

PROOFS OF THE EXISTENCE OP AN ATJMOSPHERE. 

Every body in rapid motion is retarded by the atmosphere 
through %vhich it moves. A hall, or any other substance, when 
once put into motion, would continue in that state for ever, if 
there were no disturbing force. Matter has no predisposition 
to rest, and the ancient philosophers incon’cctly compared it to 
an idle man, capable of motion, hut much attach^ to rest. 
Motion and rest are relative conditions, and when a body is 
in one or the other, it is so because of the forces that are acting 
upon it. Matter is, in fact, perfectly passive, and thert‘foro 
matter once in motion would continue in motion for ever, if 
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there were no force tending to hring it to a state of rest. The 
resistance of the air is one of these disturbing causes. The 
pendulum, for instance, when put into motion, vibrates in 
obedience to the force of gravity, and would never come to rest 
if its motion were not destroyed by friction and the resistance 
of the air. 

The atmosphere itself is capable of motion, and when its 
equilibrium is disturbed, either locally or generally, it produces 
an effect upon all bodies that are in its path. It not only 
carries away in its progress the lighter substances with which 
it comes into contact, but when greatly agitated ovei’tums 
buildings, uproots trees, and ploughs up the solid earth. Man, 
who subdues and regulates all natural agents by the exercise 
of those properties of mind with which God lias endowed him, 
lias applied air in motion as a mechanical force, and compels 
it to accomplish his wnshes, not only in the alleviation of his 
daily toil, but in facilitating his intercourse with the several 
sections of the human family. 

If it were necessary to mention any other phenomenon as 
proving the existence of an atmosphere, allusion might be made 
to its colour. The vault of heaven, when uncovered by the 
clouds which sometimes hang as drajieries beneath it, has a 
beautiful azure or blue tint. This colour cannot, of course, 
belong to space, nor is it the result of the influence of those 
bodies wdiich revolve in it, but is occasioned by the passage of 
light through the atmosphere. When a small quantity is exa- 
mined the colour cannot be detected, because the portion of 
coloured light transmitted to the eye is too faint to give the 
sensation of colour ; and, for the same reason, a bottle of sea- 
water has a clear transparent appearance, though the deep sea 
from which it was taken may have a rich green colour. By 
such facts as these we are made acquainted with the existence 
of an atmospliere surrounding the earth, and extending to a 
considerable height above its surface. 

It is highly important that we should he acquainted with 
the conditions of the atmosphere, for it is the immediate cause 
of many of the phenomena we witness, and has an indirect 
effect in modifying the influence of other agents. It is also the 
supporter of animal and vegetable life, and it has been ascer- 
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tallied by chemists that no combination of the gases with which 
we are acquainted would serve the same purpose as that which 
has been employed, but wwld be cither instantaneously or 
progressively destmctive to organized being. The atmosphere 
is also the conductor of sound, gives buoyancy to the clouds, 
and capabilities of fliglit to winged animals, and is a source of 
enjoyment as W'ell as of existence to man. 

COMPOSITION OF ATMOSPHERIC AIR. 

The body of gaseous matter by w^hieh the earth is surrounded 
is composed of two elastic fluids called oxygen and nitrogen, in 
the proportions of one part of the former to four of the latter. 
But the atmosphere contains other substances, which must be 
rather considered as impurities than as absolutely necessary to 
its composition : and these are consequently in variable propor- 
tions. Carbonic acid gas is a principle commonly found in 
atmospheric air ; Saussure detected it in that which he brought 
from the top of Mont Blanc ; and Humboldt, in that from near 
the summit of the Andes. It is however now certain that the 
proportion of carbofiic acid in air not only varies in diiferent 
places, but also at different seasons of the year : and it is possible 
that it may be sometimes absent, as the companions of La 
Perouse failed to detect its presence on the top of the peak of 
TenerifFe. 

A most interesting series of experiments has been made by 
M. Saussure the younger, at Chambeisy, near Geneva, from 
which it appears that meteorological changes and seasons have 
a tendency to alter the proportions of carbonic acid in the air. 
A long-continued frost increases and a thaw decreases the pro- 
portion ; heavy rains, also, were found to diminish its quantity, 
probably by dissolving it ; and, on the same principle, w’e may 
account for the circumstance that there was less of this gas in 
the air over the Lake of Geneva than at Chambeisy. The same 
philosopher ascertained that there is more in the three winter 
than in the three summer months, and at night than in the day ; 
and he estimates the avci-age proportion of carbonic acid at 4-15 
volumes in 10,000 of atmospheric air. 

Aqueous vapour is also present in the atmosphere in variable 
quantities between one and one-and-a-half per cent. ; and many 
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gaseous bodies may be detected, for all the substances that can 
become aerial fluids at common temperatures must be occasion- 
ally found. But these are locally distributed, as well as vari- 
able in amount. 

The two essential component principles of atmospheric air 
B,ve extremely different in their properties, and yet both are 
necessary in the economy of nature. The oxygen gas is the 
supporter of combustion, and is required for the sustenance of 
animal life, while on the other hand nitrogen unmixed is destruc- 
tive to both. If a lighted taper be placed in a receiver inverted 
over water, it will be in a short time extinguished ; and if the 
remaining gas be examined, it will be found that the whole of 
the oxygen has been expended in the combustion. In the same 
manner an animal, confined in such a situation that it can only 
breathe a certain amount of air, will soon abstract all the 
oxygen, and will then die, being unable to breathe the nitrogen. 
This was the cause of the death of the miserable prisoners in 
the Black-hole of Calcutta ; and of the two men who, some 
years since, went down in a diving-bell, and by an accident were 
unprovided with a fresh supply of air. And yet oxygen alone 
would be very unfit for respiration ; for Dr. liiggins has stated 
that the pulse of a young man, that beat 64 times in a minute, 
was raised to 120 after he had inhaled oxygen gas for a short 
time. It would be equally unfit as the 8upjK)rter of combustion, 
for all combustible bodies arc burnt in it with so great a rapi- 
dity, and with such an intensity of light, that it would be 
exceedingly unsuited as an atmosphere. The nitrogen seems to 
neutralise or modify its effects, adapting combustion to our 
power of beholding it, and preventing a too violent circulation 
of 4he blood. 

The atmosphere supports life by giving out oxygen and calo- 
ric to the blood. When the blood is brought into the lungs it 
is of a dark purple colour, but it then throws off the hydrogen 
and carbon, and receives oxygen, which gives it a bright red 
colour. By every inspiration a man of average size inhales from 
sixteen to twenty cubic inches of air. It was estimated by 
Allen and Pepys that 26*6 cubic inches of carbonic acid are 
given off every minute by a healthy man; but tliis is perhaps 
somewhat more than the tnith. A portion of the nitrogen that 
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is received by the lungs appears to be absorbed, while the other 
and larger part is rejected and thrown back again into the 
atmosphere, in wliich it immediately rises, being lighter than 
air. But this uncombined nitrogen gas would very soon accu- 
mulate, and prove detrimental to animal life, if there were not 
some provision for its recombination. This provision has been 
made in the constitutional arrangements of the vegetable king- 
dom. The upper sides of the leaves of vegetables give out a 
large portion of oxygen during the day, while they absorb the 
nitrogen. By this reciprocal action between animals and vege- 
tables the purity of the atmosphere is maintained, for the oxygen 
given off by plants is combined with the nitrogen expired by 
animals. When we consider the large funount of carbonic acid 
tliat is thrown into the atmosphere by animals, we cannot but 
perceive the necessity of that arrangement which has been 
made for its decomposition by vegetables ; and this fact, con- 
nected with that already mentioned, gives as strong an evidence 
of the exquisite skill with which material agents have been 
arranged to subserve the w'ants of life in its vaiious gradations, 
as any in the whole range of philosophy. 

There has been some diflPercnce of opinion as to the manner 
in wliich the gaseous principles of air are united together. Some 
phUosophors have maintained that they are merely in a state of 
mixture, while others considered them to be chemically united. 
It is a law in chemistry, that bodies combine in definite propor- 
tions. Now it had been determined that the oxygen and nitrogen 
of atmospheric air are in the proportion of one volume of the 
former to four of the latter, and it was therefore very natural to 
suppose that they must be chemically combined. But although 
the oxygen and nitrogen of atmospheric air are united together 
in proportions adapted to form a chemical compound, yet from 
the experiments made by Mr. Dalton, it is probable that they 
are only mixed, or, in other words, that the particles of the 
one are diffused among those of the other. It is known that 
gases possess a principle that may be called a self-repulsive 
power, that is to say, particles repel those of the sanie kind, 
though tl)ey have neither an attractive nor a repulsive influence 
over those of a distinct character. For this reason gases, when 
mixed together, do not arrange themselves like liquids, according 



46 


PBOPERTIES OP THE ATMOSPHERE. 


to their specific gravities, but the particles of each kind are 
diffused throughout the whole space that is occupied by the 
fluid. This theory is supported by the results of M. Dulong’s 
experiments, by which he has proved that the refractive power 
of atmospheric air is precisely equal to the sum of the refrac- 
tive powers of its elements. 

This constitution of the atmosphere is of the greatest import- 
ance as adapting it to those purposes it was intended to fulfil. 
Fi*om the principle of gaseous diffusion it necessarily follows, 
that at all habitable heights above the level of the sea, the air 
must have a nearly uniform composition; for, though the oxygen 
and carbonic acid must have a decreasing ratio in ascending, yet 
at the height of the highest mountains the alteration of the 
proportions would be little more than perceptible. If a portion 
of either gas be consumed in any place, the loss is now imme- 
diately made up ; but if the principle of diffusion did not exist, 
then the deficiency could not be compensated, but the whole 
atmosphere might be described as consisting of patches of dif- 
ferent gases; here we should have a volume of oxygenond there 
one of nitrogen, while tlie intermediate space might be divided 
into parts, each of which wmild be occupied by the two in some 
new proportion, or in the order of their specific gravities, accord- 
ing to the force which might be brought into activity in place 
of the self-repellent power. An atmosphere thus constituted 
would be evidently unfit to support either animal or vegetable life. 

PROPERTIES OP THE ATMOSPHERE. 

The general properties of the atmosphere are transparency, 
fluidity, elasticity, and expansibility. 

The surface of the earth is so richly adorned with things 
calculated to delight the eye, that we can hardly avoid the con- 
clusion, that its Maker had an intention of pleasing as well as of 
supporting his creatures. But all the display of beauty, so well 
adapted to cheer the spirits, to enliven the sensibilities, and to 
excite the adoration of man, would have been devised and formed 
in vain, if the atmosphere had not been a transparent fluid ; 
and yet we must admit that the Creator might have provided 
an atmosphere which would have supported us, though of such 
a nature that we might have wandered about in gloom and 
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despondence, or have viewed all objects through a medium cal- 
culated to present them to the eye in the most disgusting forms. 
And if there had been no atmosphere, then the entire vault of 
heaven would have been unilluminated, except that part in 
which the sun itself was situated, while the dim reflection 
from the illuminated portion of the earth could only have 
increased the horror of the scene. 

Air is possessed of all the physical characters of fluids, and 
differs in no respect from them, either in its motion, or the 
pressure it exerts upon bodies. Fluids press in all directions, 
and so does atmospheric air, upwards as well as downwards, 
and it is capable of supporting light bodies as well as liquids. 
We shall best illustrate the fluidity of atmospheric air by an 
allusion to the theory of floating and sinking bodies. 

There are many substances which, under particular circum- 
stances, do not apparently obey the attraction of gravitation, but 
act in a manner contrary to that wdiich the laws of gravity 
would lead us to expect. Wood and cork float upon water, 
and iron upon mercury ; smoko rises into the air, instead of 
falling to the ground ; and the clouds float over our heads, witli- 
out exhildting any tendency to fall. The same phenomena are 
therefore witnessed in the atmosphere as in liquids, and they are 
sufficient to prove it a fluid. 

A body immersed in a fluid displaces a certain amount of 
that fluid. If we plunge a cube of metal in a vessel of water, 
the level of the water will be raised, and the difference between 
the two levels will give the amount of fluid displaced. If a 
cube of marble of equal size, which is not so heavy as the metal, 
be plunged in the same vessel, the fluid will rise to the same 
height as in the former instance. From this simple experiment 
we learn that when a body is dropped into water, and sinks, it 
displaces a certain amount of water equal to its bulk, and that 
entirely independent of its weight. 

But a body immersed in a fluid loses part of its weight equal 
to the weight of the fluid displaced. It is well known that the 
weight of a bucket in a well is much less when in the water 
tlian when in the air ; for though they arc both fluids, yet the 
weight of an equal magnitude of the former is much greater 
than that of the latter. For the same reason, men in a diving 
bell may lift with ease a body at the bottom of livers, which 
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on the surface of the earth they could scarcely move, A pleas- 
ing anecdote is connected with this subject* Hiero, king of 
Syracuse, applied to Archimedes, to know whether his crown 
was really composed of pure gold, or whether the workman to 
whom he had delivered a certain weight of that metal had 
debased it with copper. The crown was found to be of the 
same weight as the gold that was delivered, but the kings 
suspicions were not removed. It happened that Archimedes 
observed, as he descended the steps of a bath, tliat the level of 
the water rose in proportion as his body was immersed. The 
facts we have stated, and their application to the royal question, 
immediately suggested themselves to his mind, and in the mo- 
ment of joy he ran into the streets of the city, crying, “ J have 
found it ! I have found it ! ” Many had observed the fact 
which so excited Archimedes, but none had perceived the prin- 
ciples dependent upon it, or the manner in which it could be 
applied. 

The theory of sinking and floating bodies is the immediate 
consequence of the two facts we have mentioned. If the weight 
of the fluid that is displaced be greater than the weight of the 
body, it will float, if less, it will sink ; and if tliey be equal, the 
body will remain in equilibrio, A piece of metal sinks in water, 
because its weight is always greater than that of the fluid it 
displaces, and a cork floats because it is less. So also bodies in 
the atmosphere, and in all other gases, lose part of their weight, 
equal to the weight of the volume of fluid they displace. The 
greater part of bodies sink in the atmosphere, because their 
weight is greater than that of the volume they displace ; but 
had it been two or three times as heavy as water they would 
have floated in it as the clouds now do, and man himself would 
have partaken of this general upw'ard motion. It will be 
readily understood that these principles embody the theory of 
balloons* 

The wish to navigate the atmosphere, and a conviction of its 
practicability, seem to have been indulged by philosophers from 
a very early period in the history of science, but no plan for the 
construction of a suitable vessel was proposed until the year 
1670, when Francis Lana, a Jesuit, revived the inquiry by the 
invention of an ingenious balloon. The great difficulty was, to 
form a sailing-vessel sufliciently light to float in the air, and at the 
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same time to support its pressure. Lana proposed to attach 

to a car four large 
exhausted globes, 
which would render 
the apparatus so 
light that the aero- 
naut might be able 
with a sail to navi- 
gate the lower strata 
of the atmosphere. 

In the year 1676, 
Cavendish investi- 
gated the properties 
of hydrogen gas, the 
levity of which made 
it exceedingly pro- 
bable that a thin 
substance filled with 
it would float in the 
air. Cavallo made 
some experiments in 
1782, but apparently 
gave up the subject 
in despair. In the same year, Stephen and Joseph Mont- 
golfier succeeded in constructing an apparatus which was 
lighter tlian the same hulk of atmospheric air, and consequently 
floated in it. After having made a number of experiments 
upon a small scale, they made public their discovery, and sent 
up a large balloon at Annonay, on the 6th of June 1788. It 
consisted of a large linen bag, lined with paper, 117 feet in cir- 
cumference, and weighing 430 pounds. To the open end was 
attached a light wire basket, in 'which combustible substances 
w^ere placed and ignited, the heat so rarified the enclosed air 
as to render it lighter than an equal hulk of the atmosphere. 
The machine ascended, and at this time carried more than 400 
pounds of ballast, rising in ten minutes to the height of 6000 
feet. 

Interesting as these experiments were, but little was yet done 
that could he made serviceable for the purpose of aerial naviga- 
tion, os future experiments proved. The fire balloon, or Mont- 
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golfier, as it is sometimes called, is veiy unfit to support the 
aenal voyager, however the car itself may be fiixed. Pilatre de 
Rozier and the Marquis d’Arlandes did however make the 
perilous attempt, and ascending from the castle La Muetto, rose 
to the height of 9000 yards, and descended in safety. Several 
persons at difierent times repeated the experiment, but many 
have lost their lives in the indulgence of their curiosity or 
pride. 

M. Charles, professor of natural philosophy in Paris, at last 
succeeded in making an air balloon. He provided himself with 
a bag of lutestring, twelve feet in diameter, and coating it with 
a varnish of gum, filled it with hydrogen gas. The appa- 
ratus weighed about twenty-five pounds, and when set at 
liberty rose to the height of 312f3 feet in two minutes. 

The next improvement in the construction of balloons was 

Blanchard’s invention 
of an apparatus, called 
the pamchute, by means 
of which the aeronaut 
can, when required, 
iTjjulate the velocity 
of his fall. M. Gar- 
nerin improved this 
apparatus, and thus 
greatly diminished the 
amount of danger aris- 
ing from aerial excur- 
sions. 

Among the aero- 
nauts of our own 
country and time, Mr. 
Green is the most cele- 
brated, but it niay be 
doubted whether our 
THic PARAOHUTJC. Capability of navigat- 

ing the atmosphere will ever be found of any extensive service 
to man. The want of a method by which to control the direc- 
tion of a balloon renders it at present worthless as a convey- 
ance. The swiftness of its flight is a useless property to man, 
because it is the servant of the winds, and we have no power to 
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stem the currents by which it is driven. Instances may occur 
in which it may be applied when the direction of the wind is 
favourable, but the opposing atmospheric currents, and their 
liability to change, give a doubtful character to eveiy attempt. 
The result of Major Money's ascent proves the uncertainty of 
aerial advantages. This gentleman ascended from Norwich, 
the wind blowing at the time in such a direction as led him to 
suppose that he might fall in the neighbourhood of Ipswich. 
But he had scarcely attained the altitude of one mile, before 
he encountered a violent current, blowing in a new direction, 
which carried him towards Y armouth. The balloon fell in the sea, 

about nine 
miles from 
land ; the 
major sup- 
ported him- 
self for 
some time 
on the sur- 
face of the 
water by 
holding 
finnly upon 
the balloon; 
after having 
parted with 
nearly all 

his clothes, he was at last relieved from his dangerous 
situation by a cutter that was cruising on the coast. This 
is not the only instance in which the aeronaut has been 
deceived by a change in the direction of the wind, and the 
existence of currents having a diflFerent course from that passing 
immediately over the surface of the earth. 

These general remarks on the causes of floating and sinking, 
as illustrated by the history of aeronautics, prove the fluidity of 
the air. But if a balloon had never been constructed, and man 
had never been poised between the earth and the ethereal vault, 
thei'e would have been no difficulty in proving the fact. Light 
bodies are conveyed from place to place upon the aerial waves, 
the clouds float over them at all altitudes, and the feathered 
E 2 
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tribes rise and descend in the vast ocean, as fishes do in the 

water, hav- 
ing physi- 
cfil arrange- 
ments of 
anatomical 
construc- 
tion as beau- 
tifully 
adapted to 
the fluid in 
which their 
movements 
are to be 
performed 
as those 
which cha- 
racterise the 
Tinny tribes. 

Elasticity 
is anotlier 

property of atmospheric air, a property whicli it is well 
known to possess. Previous to Mr. Perkins's exj)eriment8, 
air had not been made to occupy a space less than the one 
hundred and twenty-eighth part of its ordinary voliuno on 
tlie surface of the earth ; but this gentleman, l)y means of an 
apparatus invented for the purjwse, succeeded in reducing it 
to a much less bulk, and states that he at last compelled it to 
assume a li(juid state. The latter assertion, however, has gene- 
rally been objected to, as his experiments are by no means satis- 
factory, 1 1 does not necessarily follow, that a body possessed of 
compressibility should likewise be elastic, for some bodies, when 
compelled ])y pressure to occupy a less space tlian they do under 
oiflinary circumstances, retain that volume. But air is one of 
those bodies that has both these properties. If we take a syringe, 
closed at the end which is usually open, the piston may be 
driven down to a considerable distance by the exertion of a little 
force. The air, therefore, in the tube or syringe, suffers com- 
pression ; but as soon as the pressure on the piston is removed, 
the air recovei'S its former volume, and the piston is forced liaek 



EXPANSIBILITY OP AIR. 


53 


into its first position, from wliich fact we learn that air is pos- 
sessed of the property of elasticity. « 

Expansibility, or the capacity of occupying under particular 
circumstances a much larger space than it does under ordinary 
pressure, is another property of atmospheric air. Dr. Ure has 
calculated that the gases disengaged by exploding gunpowder, are 
so rarefied by heat that they occupy more than two thousand 
times the space of the powder itself ; and Mr. Boyle caused 
atmospheric air to dilate until it had attained nearly fourteen 
thousand times its ordinary hulk. 

There are two agencies which are especially active in expand- 
ing air — heat and a diminution of pressure. If a bladder con- 
taining only a small portion of air be exposed for a short time 
to the heat of a fire, or if boiling water be poured upon it, the 
air will expand and appear as though it were fully distended 
by air in the ordinary state of density. So also if it he placed 
under the receiver of an air-pump, and a part of the air that 
presses upon it be abstracted, it will expand, and entirely fill 
the bladder. 

From these statements it follows, that air may have various 
densities, according to the circumstances under which it is 
placed. In the instance of condensation that has l)cen men- 
tioned, its density was great; in that of rarefaction its density 
was small: and the same is true of the atmosphere, for its 
density at any height is just in proportion to the pressure that 
is exerted by the superincumbent mass of air. As the air is 
very elastic, it suffers, in the lower regions, where it hears a 
great pressure, considerable condensation, and extends itself as 
much in the higher regions, where there is no force to neutralise 
its elasticity. It therefore follows that the stratum of air im- 
mediately in contact with the surface of the earth is more dense 
than any above it, because it sustains a greater pressure, and its 
particles are consequently brought into closer contact ; but every 
step as we ascend from the surface of the earth the air becomes 
less dense, because it sustains a smaller pressure. 

The elasticity of air increases proportionally with the density. 
The lower stratum of the atmosphere is confined to its present 
bulk, or has its present density, in consequence of the pressure 
it sustains. If that pressure were removed, then its elasticity 
would cause it to expand, and fill a much larger space ; but if 
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we would give it double its present density, that is, reduce its 
bulk to one-half, 4hen a double pressure must be employed, and 
if a triple density, a triple pressure must be applied, because its 
elasticity w'ould increase in the same proportion. Tins is what 
may be understood by the expression, the elasticity of the air 
increases proportionally with the density. 

llie decreasing density of the air is not without a purpose, as 
applied to the habits and wants of particular animals and vege- 
tables. The condor, which is generally met with at an elevation 
of from ten to sixteen thousand feet above the level of the ocean, 
inhabits a very rarefied medium. Whenever it visits the lower 
strata of the atmosphere, it is compelled to do so from an abso- 
lute want of food, and leaves it for the regions of perpetual snow, 
which are more congenial to its habits and constitution, as soon 
as its wants are supplied. Humboldt states that when he visited 
the Antisina, one of the Andes of Quito, he was accompanied by 
the condor to the height of sixteen thousand feet above the sea ; 
hut when he ascended Chimborazo, which is tw^enty thousand 
feet high, that kingly bird was seen hovering in the air be- 
neath him. It would therefore appear that it is not suited to 
live either in the warm temperature and great density of the 
atmospheric stratum that immediatly surrounds the earth, nor 
in the intense cold and great rarefaction of that which rests 
uj>on the summit of Chimborazo. Every bird that floats in the 
aerial ocean has a certain habitation, governed or regulated by 
the power of its wing and its constitutional characters. The ele- 
vation from which Messrs. Robertson and SaccharofF threw from 
the car of their balloon the pigeons that fell like weights on the 
atmosphere, was that in which the condor would have stretched 
its broad pinions and have defied the power of man. 

PRESSURE OF THE ATMOSHIBRE. 

It is scarcely necessary to make the formal statement that the 
atmosphere exerts an equal pressure upon all bodies on which it 
rests, for as it is a fluid it must have weight. The weight of 
KK) cubic inches of atmospheric air at 60® Fahr., the barometer 
standing at 80 inches, is 30*92 grains, according to Mr. Kir wans 
experiments. Sir George Shuckburgh obtained a different re- 
sult, and fixes its weight at 80*6 grains ; but from the experi- 
ments of Prout, Dalton, and Henry, it appears that Mr. Kirwan 
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was nearer the truth, as these gentlemen agree in fixing the 
weight of air at above 31 grains. But whichever of these results 
we may adopt, it is quite evident that the atmosphere must 
exert an enormous pressure upon the surface of the earth, and, 
as it is a fluid, that pressure must be in every direction. It was 
proved by Galileo and Torricelli, that at the level of the sea 
the air presses with a force equal to about fifteen pounds upon 
the square inch. Now supposing the body of an average sized 
man to present a surface equal to about two thousand square 
inches, he will support a weight of nearly thirt}^ thousand 
pounds. This statement, however, is often misunderstood, and 
people imagine that we carry the enormous burden upon our 
shoulders, not I'emembering that the pressure is distributed over 
the body, and btiing resisted by internal forces, tends rather to 
su])poi't than to oppress. 




Tlie Magdeburgh hemisphere is an instrument 
that very beautifully illustrates and proves the 
pressure of the air in every direction. It consists 
^ of two hollow brass hemispheres, so constructed 
that when placed together they fit air-tight. Each 
of these is fuimished with handles, one of which may 
be unscrewed and the cup attached to the air-pump. 
This being done, let the two cups be placed together, 
W and the air contained by them be abstracted. If the 

a stop-cock he then closed, and the apparatus removed 
from the pump, the handle may be replaced, and two 
wAUfjKHURUfi strong persons will scarcely be able to separate the 
MEMiBPHBRes, hemisphei’os. This experiment, invented by Otto 
Guericke, demonstrates the existence of atmospheric pressure 
in every direction, for as soon as air is admitted into the interior, 
the external pressure is neutralised, and the hemispheres may 
be separated by a child. 

The ancients were quite ignorant of the facts to which we 
have just alluded, and attributed all those phenomena now 
known to be the results of atmospheric pressure, to nature's 
abhorrence of vacuum or empty space. This dogma was 
universally received as the reason why water rose in a ptunp, 
till it was accidentally discovered in the early part of the 
seventeenth century that water not be raised in a pump, 
when the sucker, falsely ^ more than thirty-two 
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feet from the surface of the water* Unable to look beyond the 
dogma they had received from tlie ancient masters, the philo- 
sophers of the day decided, after a consideration of this fact, 
that nature did not abhor a vacuum to a height greater than 
thirty«two feet. Torricelli, however, was not satisfied with the 
explanation, and a single experiment assured him that the air 
had weight, and that water could not rise to a greater height 
than tliirty-two feet, because it then exactly balanced a column 
of atmospheric air with a base of the same dimensions. As 
soon as he had formed this opinion, he conceived the happy idea 
of testing its truth by using mercury instead of water ; and the 
practical results of the experiment have been as important as 
the theoretical. Mercury being about thirteen and a halt* times 
heavier than water, a column of about thirty inches long ought 
to counterpoise a column of atmospheric air, if water be really 
sustained at a height of tliirty-two feet above its level, by 
atmospheric pressure. Torricelli made the experiment, and its 
result proved the truth of the supposition. 

This discovery soon excited the attention of all the philo- 
sophers in Europe, and a variety of opinions were formed and 
unhesitatingly expressed, by those who prefeiTcd prejudice to 
truth. To Pascal, whose active mind was immediately roused 
by the report of this important, we might say brilliant, dis- 
covery, we are indebted for an extremely original expcidment. 
This philosopher at once perceived tliat if the suspension of the 
mercury in the tube was due to the pressure of the atmosphere, 
the column ought to become shorter when carried to a place at 
some considerable elevation above the level of the sea, for it 
would then have a less column of air to support. Perier, the 
brother-in-law to Pascal, was engaged to try the experiment 
upon the top of the Puy de Dome, a lofty volcanic mountain in 
Auvergne, and he found that the mercury continued to descend 
as the height to which it was carried increased. In tliis way 
the Torricellian principle was confirmed, the barometer dia- 
covered, and the action of the pump ascertained. 

It was afterwards discovered that the mercury rose and fell, 
within a small space, even when its elevation was unclianged, 
and tiiat it was affected by the varying conditions of the atmo- 
sphere. It then came into use as an atmospheric prognosticator, 
and is still employed as a measure of atmospheric pressure, and 
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as the foreteller of meteoric changes, though not always upon 
the most scientific principles. 

The barometer in common use is that invented by Dr. Hook, 
and as its construction is not perhaps so generally known as 
its extcrmil appearance, it may be desirable to give a de- 
scription of it. It consists of a glass tube 
containing mercury, the upper end being 
expanded into a small globule, the lower 
turned upwards to the height of two 
or three inches. The column of mercury 
in the tube is supported by the pressure of 
the column of air resting upon the open 
end of the tube, and upon the surface of 
the mercury is placed a glass float, to 
which is attached a string passing over a 
pulley, and balanced by a weight. As the 
weight moves up and down, it turns the 
pulley, to which is attached a hand or 
index that points out upon a graduated 
circle the exact amount of cliange in the 
altitude of the mercurial column, which 
it does with extreme accuracy. 

Pascals experiment can scarcely fail to 
suggest the use of the barometer to mea- 
sure heights, and it has consequently been 
hook’s kakomktkr. employed by philosophers for that purpose. 
At first considerable difficulties stood in the way, and many 
errors, for which the observers could not account, were observed 
in the results of the experiments, De Luc afterwards dis- 
covered that the greater number of these might be traced to the 
circumstance of not considering the comparative expansions of 
mercury and of air ; for a temperature which would greatly 
expand the latter would have no influence whatever on the 
former. 

If the density of the atmosphere were uniform, nothing 
could be more simple than the measurement of heights by the 
barometer. It has been found by experiment that when the 
thermometer is 32® Fahrenheit, and the mercury of the baro- 
meter stands at thirty inches, it falls about one-tenth of an 
inch if carried to the height of eighty- seven feet. Now if the 
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density were equal throughout it would only be necessary to 

multiply eighty-seven by the 
number of tenths of an inch 
that the mercury fell, and we 
should have the height in feet. 
But the density of the atmo- 
sphere is not tmiform, and con- 
sequently the difficulty of the 
problem is increased. So neces- 
sary, however, w'as it that this 
method of measurement should 
be rendered available, that it 
received the attention of many 
eminent philosophers ,* and the 
traveller, with the assistance of 
the tables that have been pre- 
pared, can now determine the 
height of a place above the level 
of the sea, by the barometer, as 
accurately as its horizontal dis- 
tance from any fixed point, by 
the ordinary rules of trigono- 
metry. 

The experiment performed 
upon the Puy de Dome, under 
the direction of Pascal, may l>e 
readily made by any person who 
possesses an air-pump and the 
usual pneumatic apparatus. If 
a barometer tube, not less than 
thirty inches in length, be filled 
with mercury, and inverted in a 
cup containing the same metal, 
the fluid contained in the tube will immediately fall to sudi a 
height as to balance exactly the pressure of a column of atmo- 
spheric air. But let the cup in which the mercury tube is 
placed be put under the receiver of an air-pump, and as the 
process of exhaustion goes on, the mercurial column will de- 
crease in height ; and could a perfect vacuum be produced, the 
mercury contained in the tube would be entirely discharged 
into the cup. 
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The pressure of the atmosphere upon the surface of the earth, 
and on all bodies, is not an unimportant principle in its direct 
influence upon organic structures, and in the provisions which 
arc necessary for the supply of the wants of man in particular. 

The earth is essentially in its structure, and 
g natural condition, the intt nded abode of organ- 
£ iscd beings, and there is perhaps no law of 
1 matter, or provision for the return of pai'ticular 
< phenomena, that has not a more or less direct 
g . influence upon the wants and happiness of animal 
c g being. An average-sized man sustains a pres- 
I ^ sure, from without, of about fourteen tons ; and 
I 5 so far from oppressing him it is absolutely neces- 
I £ sary to his existence, for, by resisting the out- 
g ? ward pressure of the fluids in the body, it pre- 

0 K vents the vessels that contain them from disten- 

1 * bursting. Count Zambeccari ascended, 

/ I \ I o in 1 783, to so great a height in a balloon, and 

I I g came iiito so rarefied an atmosphere, that his 

I j I hands and feet were much swollen. Some 

[ ill I I travellers have suffered under a violent bleeding 

2 of the nose when they have approached the sum- 
mit of very high mountains, and all experience 

inconvenience from the feeling of distension. We are not 
conscious of the weight that we sustain, because it is acting on 
all parts of the body, and if it were not so we should be 
crushed under the burden we now unconsciously sustain. A 
man holds out his hand and does not know that it is, as it were, 
supporting some hundred pounds of gas ; but let him place the 
palm of his hand upon an open receiver, and a part of the air 
that it contains be taken away, and he immediately becomes 
conscious of an oppressive force on the back of the hand, for 
that which before supported or resisted the downward pressure 
is removed. 


It will not now appear strange that we are extremely sensible, 
and particularly those who have weak or nervous constitutions, 
of atmospheric changes. Some persons have asserted that the 
animal body is not under the influence of external causes ; but 
not to refer to the habits of many animals at the time of meteoric 
changes, and the diseases that are floated from region to region 
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on the wings of the wind, observe the countenances of men, and 
are they not unfailing barometers ? Or, let us examine our own 
feelings. We feel braced and strengthened by the cool and dry 
atmosphere of a fine morning in spring, and are enervated and 
depressed by the wet and murky air of a dull day in winter. 
These effects are no doubt to be traced in some degree to 
electrical changes, but also in part to the alteration of atmo- 
spheric pressure ; and when we consider that in the course of a 
few hours it may vary, upon a human body, as much as half- 
a-ton, we shall not be surprised at the results which follow. 

Vegetable structures are, of course, as much indebted to the 
external pressure of the air as animal bodies ; for, if it were 
removed, their vessels would be unable to contain the fluids 
which circulate in them. If wc place a v/ithered apple under 
the receiver of an air-pump and abstract the air, it will first of 
all swell out to its natural bulk, as when newly gathered from 
the ti’ee, and its exterior covering will then burst and its juices 
escape. The same result would follow the withdrawing of that 
conservative principle of nature, atmospheric pressure. 

The pressure of the air serves another important purpose, in 
preventing liquids from boiling at very low temperatures. It is 
a well known fact that water boils on high mountains w’hcn 
its sensible heat is lower than that required to produce ebulli- 
tion at the level of the sea ; and it does so, because it sustains a 
less pressure. Water must be raised to a temperature of 212° 
before it will boil, if the exj)eriraent be made at ordinary 
elevations, but at the top of Mont Blanc it was found to boil at 
189°. Dr, Franklin invented a very pretty instrument, called 
a pulse-glass, to show that liquids boil at very inferior tempe- 
ratures when deprived of atmospheric pressure. It consists of 
an exhausted glass tube, with a bulb at each end, and contains 
a small quantity of spirits of wine. If one of the bulbs con- 
taining the fluid he held in the palm of the hand, the instru- 
ment having a rather sloping position, the heat of the hand will 
be sufficient to make the spirit boil, and the vapour thrown off 
will be condensed at the opposite end. Now if there were no 
atmospheric pressure, many fluids which are now liquids would 
be vaporised at common temperatures, and the boiling points of 
others would be so much reduced, that a very slight increase of 
sensible heat would cause them to assume the vaporous state. 
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EXTENT OF THE ATMOSPHERE. 

Having explained the chenaical constitution, and illustrated 
the physical properties of atmospheric air, as well as its 
influence in the mass upon the general constitution of matter, 
and organised bodies in particular, we may proceed to enquire 
into the probable height to which the atmosphere extends. It 
has been already stated, that the pressure of the atmosphere 
decreases according to the increased elevation above the level of 
the sea. This decrease of density for equal ascents is in geome- 
trical progression ; that is to say, at an elevation of three miles, 
the density would be only one half what it is at the sea shore ; 
at six miles one-fourth ; at nine miles one^eighth ; so that at 
the height of fifteen miles the pressure of the superincumbent 
air would not suj)port a column of mercury of more than one 
inch. It is evident, therefore, that the greater portion of the 
atmosphere is within fifteen miles of tlie earth’s surface, and yet 
it is supposed, and it may be considered as satisfactorily deter- 
mined, that the atmosphere extends to a height of more than 
forty-five miles. 

Some persons have imagined that the atmosphere has no 
limit, but is spread in a state of extreme mefaction through 
all space. Now if space were fiUed with an atmosphere, 
however great its rarity, the planets would have atmospherics ; 
for these bodies would accumulate, by their attractive power, 
a portion of the fluid medium around them, wliich would 
increase in density with its proximity to their surfaces. But it 
does appeal that some planets have no atmosphere, and there- 
fore, that which sunounds the earth does not extend through 
space. 

But this supposition may he objected to on another ground, 
as opposed to the known influence of the forces by which 
matter is governed. As the density of the atmosphere decreases 
with its height above the surface of the earth, on account of a 
diminution of pressure, there must he some point where the 
elasticity of the air and the force of gravity are equhl, and 
there the atmosphere must terminate. 

Another argument in proof of the limitation of the atmosphere 
might he adduced from a consideration of the elementary consti- 
tution of matter. Substances are combinations of ultimate 
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particles, united in definite proportions. The atmosphere must 
therefore have a limit, and that is a stratum of ultimate par- 
ticles, beyond which it cannot be supposed to extend without 
investing it with hypothetical properties. 

As we know the pressure exerted by a column of atmospheric 
air, we have a datum by which to calculate its extent. If the 
density were the same throughout, this w'ould be an extremely 
simple problem ; for, by ascertaining the w^eight of a column of 
air of any dimensions, and the height of a column of water of 
the same dimensions, we might, by a simple equation, discover 
the height of the atmosphere. But as the rarefaction increases 
with the altitude, it is a somewdiat complex and difficul pro- 
blem to ascertain its height. This may, however, be approxi- 
mately detennined by another method. It is generally known 
that twilight is a phenomenon resulting from the refraction and 
reflection of solar light, after the luminary has descended below 
tlie horizon. Now, from calculations made by Dr. W ollaston, 
founded upon the known law of decreasing density, it is certain 
that at the height of about forty or forty -five miles, the atmo- 
sphere does exist, and in such a state, that it influences the 
direction of light. If we calculate its extension by the length 
of our tw^ilight, we shall be brought to nearly the same result. 
It is also found capable of conveying sound at the height of 
sixty-nine miles. Thus, although it is almost impossible to say 
in respect to the atmosphere, thus far it extends and no farther, 
yet there are methods by which it is possible to acquaint our- 
selves with its existence and conditions w ithin certain limits. 

ADAPTATION OF THE ATMOSPHERE TO ANIMALS. 

In the consideration of the principles and phenomena to which 
we Ixave referred, we are especially interested by their adapt- 
ation to the physical or intellectual wants of animals. The 
senses are as capable of becoming the media of painful as of 
pleasurable sensations ; and nothing but an admirable application 
of external agencies preserves us from those violations of sensi- 
bility to which our constitution renders us liable. The very 
capabilities of enjoyment that are possessed by man, and inferior 
creatures, would have acted as a curse, had not external nature 
been in concord with them. Instead of the elastic and enlivened 
feeling with which we now look upon the face of nature, it 
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might have been the source of constant annoyance ; and thus 
the very capabilities by which man is distinguished might have 
become the increasing causes of pain and discomfiture. But 
by the arrangements which the Creator has adopted, man is not 
only ordained to live, but to live surrounded with available 
pleasures, and double blessings are weaved with his heaviest 
toil — those of the intellect and those of the senses. He so'ws 
and he plants for the relief of his wants, but he has an intellec- 
tual pleasure in watching and in accounting for the results, 
while the foliage and the blossom accord with his sensations of 
beauty, and the fruit is pleasant to his taste. These are the 
results of a symmetry in design : and we can scarcely conceive 
how great a disorder and disproportion would be produced by 
an alteration in one groat principle, such, for instance, as the 
constitution of the atmosphere. 

Allusion hfis already been made to the fitness of the atmo- 
sphere for the conveyance of light to the eye, which is not only 
necessary for the production of those pleasurable sensations 
which external nature is capable of affording, but also that the 
animal may be able to obtain its food, and preserve itself from 
those foes or dangers to which it may be especially exposed. It 
is quite true that animals have been provided with peculiarities 
in the formation of the eye, so as to enable them to fulfil the 
especial object of their creation; but, whatever may be the 
nature of these peculiarities, there are external adaptations 
suited to them all, and they are but particular illustrations of 
the same general principle. We may be chargeable with 
digression in so doing, but it is almost impossible to deny our- 
selves the pleasure of selecting an example. Take the vulture 
as the type of the whole class of animals to which it belongs, 
and, from what we know of its habits, we may expect it to have 
a peculiarly constituted vision. From its habitual residence in 
regions very far above the surface of the earth, it is necessary 
tliat it should have the power of seeing objects at a gi*eat dis- 
tance ; and, as the distance between the point of the beak and the 
eye is small, it should also have the capability of seeing objects 
that are near. Both these powers it possesses in a most remark- 
able degree, being not only able to choose the part of the carcass 
upon which it will feed, but also to descend upon it, from a 
height at which the bird itself is scarcely visible to the human 
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of the air which result from the action of the sun s rays 
cease witli the activity of the agent that gave them birth* An 
irregular medium has a great effect in obstructing and stifling 
sound, and consequently sounds are conducted with more faci- 
lity at night, than when the sun is above the horizon. 

Sounds have been sometimes heard at very great dis- 
tances. Lieutenant Foster states that he has conversed 
with a man across the harbour of Port Bowen, in the North 
Sea, at the distance of a mile and a quarter. Guns fired 
at Carlacroon were, according to Dcrham, heai’d across the 
southern extremity of Sweden as far as Denmark. But the 
most remarkable instance with which we are acquainted is that 
recorded by Sir Stamford Raffles, who informs us that the noise 
which attended the great eruption of Tomboro, in 1815, was 
heard at Sumatra, a distance of 970 miles. 

Many experiments have been made, at various times, and in 
different parts of the world, upon the velocity of sound in air. 
The results obtained by the early experimenters, however, 
w^ere all more or less inaccurate, for want of instruments suffi- 
ciently correct to measure the time that elapsed between the 
production of a sound, and its effect upon a pei-son at a dis- 
tance. Another cause of en*or was an inattention to the in- 
fluence of the wind ; fur it is quite evident that sound must 
be transmitted with a diminished velocity, when the wind is 
lilowing in a contmry direction to that in which the sound is 
lieard ; and when the wind is blowing in the same direction, 
its velocity must be increased* 

Modem philosophers have avoided both these sources of 
error ; for, possessing accurate instruments, they have either 
chosen a time when the air was at rest, or have caused the 
sound to be transmitted in a direction at right angles to that of 
the wind. 

But the chief difficulty is, to ascertain the exact measure of 
the inter\'al of time required for the transmission of sound 
from one place to another. The most accurate experiments 
that have been made are those of Moll and Vanbeck, in 
1822, and those of the French academicians in the same 
year. In the experiments made by the Dutch philosophers, 
a clock was used, ao constructed that its index could be at 
any time stopped, without stopping the machinwy. By this 
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instrument time could be measured to the one-hundredth part of 
a second. The French used a watch of a very ingenious con- 
struction, It was furnished with two hands like a common 
watch, but one of them performed a revolution every second, 
and might be made to touch the dial-plate at any time with- 
out stopping, and being supplied with a kind of dotting-pen, 
furnished with printer’s ink, left an impression to be read off 
at leisure. 

By these experiments it was discovered that, when air is dry, 
and at the freezing temperature, it will conduct sound at the 
rate of 1000 feet in a second. 

Other gases have the property of conducting sound, but they 
do so with different velocities, and, what is still more singular, 
the intensity also varies with the medium. In hydrogen gas 
the sound is almost destroyed; in carbonic acid and oxy- 
gen it is louder than in air. When hydrogen is breathed, 
which it may be for a short time, though not without danger, 
the voice is enfeebled but shrill. When an equal quantity of 
this gas and of common air are mixed together, the intensity of 
a sound is not greater than it would be in a receiver, the con- 
tained air having not more than half its common density. This 
circumstance arises from the great difference in the velocity of 
sound in the two gases. One propagates it more rapidly than 
the other, and as the particles of both are diffused throughout 
the whole space, the sound is Iiindered and stifled in the same 
manner os by aqueous vapour diffused through the atmosphere 
during a fog. But atmospheric air is itself a mixed gas, yet 
the velocities with which sounds are conducted in them are so 
nearly alike that little or no obstruction is produced. This 
fact gives us a new and very interesting proof of the adaptation 
of the atmosphere to the wants of animated beings. 

It must not be imagined, from the foregoing remarks, that an 
elastic fluidity is essentially necessary for the proper conduction 
of sound. Both liquids and solids possess this power, though 
in a variable degree. It has been proved, by many experi- 
ments, that sound is conducted by water. Fishes certainly 
possess the sense of hearing, and divers have an acute impres- 
sion of sounds produced in water, although they are, when 
excited in the atmosphere, enfeebled by their passage into a 
new medium. From the experiments made by M. Colladon 
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of the air which result from the action of the sun’s rays 
cease with the activity of the agent that gave them birth. An 
irregular medium has a great effect in obstructing and stifling 
sound, and consequently sounds are conducted with more faci- 
lity at night, than when the sun is above the horizon. 

Sounds liave been sometimes heard at very great dis- 
tances. Lieutenant Foster states that he has conversed 
with a man across the harbour of Port Bowen, in the North 
Sea, at the distance of a mile and a quarter. Guns fired 
at Carlscroon were, according to Dcrham, heard across the 
southern extremity of Sweden as far as Denmark. But the 
most remarkable instance with which we are acquainted is that* 
i*ecorded by Sir Stamford Raffles, who informs us that the noise 
which attended the great eruption of Tomboro, in 1815, was 
heard at Sumatra, a distance of 970 miles. 

Many experiments have been made, at various times, and in 
different parts of the world, upon the velocity of sound in air. 
The results obtained by the early experimenters, however, 
were all more or less iriSccurate, for want of instruments suffi- 
ciently correct to measure the time that elapsed between the 
production of a sound, and its effect upon a person at a dis- 
tance. Another cause of error was an inattention to the in- 
fluence of tlie wind ; for it is quite evident that sound must 
be transmitted with a diminished velocity, when the wind is 
blowing in a contrary direction to that in which the soimd is 
heard ; and when the wind is blowing in the same direction, 
its velocity must be increased. 

Modem philosophers have avoided both these sources of 
error ; for, possessing accurate instruments, they have either 
chosen a time when the air was at rest, or have caused the 
sound to be transmitted in a direction at right angles to that of 
the wind. 

But the chief difficulty is, to ascertain the exact measure of 
the interval of time i-equired for the transmission of sound 
from one place to another. The most accurate experiments 
that have been made are those of Moll and Vanbeck, in 
3822, and those of the French academicians in the same 
year. In the experiments made by the Dutch philosophers, 
a clock was used, so constracted its index could be at 
any time stopped, without stopping the machinery. By this 
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instrument time could be measured to the one-hundredth part of 
a second. The French used a watch of a very ingenious con- 
struction. It was furnished with two hands like a common 
watch, but one of them performed a revolution every second, 
and might be made to touch the dial-plate at any time with- 
out stopping, and being supplied with a kind of dotting-pen, 
furnished with printer’s ink, left m impression to be read off 
at leisure. 

By these experiments it was discovered tliat, when air is dry, 
and at the freezing temperature, it will conduct sound at the 
rate of 1090 feet in a second. 

Other gases have the property of conducting sound, but they 
do so with different velocities, and, what is still more singular, 
the intensity also varies with the medium. In hydrogen gas 
the sound is almost destroyed; in carbonic acid and oxy- 
gen it is louder than in air. When hydrogen is breathed, 
which it may be for a short time, though not without danger, 
the voice is enfeebled but slirill. When an equal quantity of 
this gas and of common air are mixed together, the intensity of 
a sound is not greater than it would be in a receiver, the con- 
tained air having not more than half its common density. This 
circumstance arises from the great difference in the velocity of 
sound in the two gases. One propagates it more rapidly than 
the other, and as the particles of both are diffused throughout 
the whole space, the sound is hindered and stilled in the same 
manner as by aqueous vapour diffused through the atmosphere 
during a fog. But atmospheric air is itself a mixed gas, yet 
the velocities with which sounds are conducted in them are so 
nearly alike that little or no obstruction is produced. This 
fact gives us a new and very interesting proof of the adaptation 
of the atmosphere to the wants of animated beings. 

It must not be imagined, from the foregoing remarks, that an 
elastic fluidity is essentially necessary for the proper conduction 
of sound. Both liquids and solids possess this power, though 
in a variable degree. It has been proved, by many experi- 
ments, that sound is conducted by water. Fishes certainly 
possess the sense of hearing, and divers have an acute impres- 
sion of sounds produced in water, although they are, when 
excited in the atmosphere, enfeebled by their passage into a 
new medium. From the experiments made by M. €olladon 
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on the velocity of sound in water^ it appears to travel at the 
rate of 4708 feet in a second. All elastic solid bodies, also, 
such as glass, steel, and the metallic alloys, are good con- 
ductors. It is, however, necessary that the conducting body 
should be homogeneous, or the sound will be deadened : and 
it is eqixally important that it should be uninterrupted. 

The manner in which sound is conducted from the sonorous 
body to the ear cannot be perfectly understood, without refer- 
ence to a mathematical reasoning, which would be obviously 
unfit for these pages. We may, however, convey some idea of 
the means by a brief verbal description. When a body is in 
the act of sounding, it is observed to be in a state of vilinition. 
A string may be seen to vibrate from one side to the other, and 
the vibration of bodies, when not seen, may be frequently felt. 
These vibrations are communicated to the air, and by it con- 
veyed to the ear. But every vibratoiy motion produced in the 
air is not the source of sound, it must be occasioned by an 
elastic substance. Newton was the first who investigated the 
process by which these vibrations are produced, that is to 
say, the alternate condensation and rarefaction of the air in 
contact with the vibrating bod}^. We may conceive the effect 
produced on the air as resembling tliat which is occasioned by 
throwing a pebble into still water. 

Whenever a sound is conveyed to the ear, it is occasioned l)y 
a vibration produced in the atmosphere. But a sound may be 
either a noise, or a musical note, the latter being the result of a 
regularly and uniformly repeated succession of vibrations. 

ECKOKS. 

The circumstance under which echoes are produced is 
another subject of inquiry connected with the atmospliere, as 
a conductor of sound, that seems worthy of notice in this place. 
An echo is produced whenever sound meets with an obstacle of 
sufficient regularity to reflect it. The laws by w’hich the 
reflection of sound is governed are the same as those that in- 
fluence light under similar circumstances ; if it be obstructed 
by a plane surface, the direction will be reversed : if by a con- 
cave, tlie sound will converge ; if by a convex, it will diverge. 
A wall, or the sides and ceiling of a room or public building, 
may occasion echoes ; but as sound travels with a great velocity, 
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and as it takes no perceptible time in moving from one part of 
a room to another, the echo ia so blended with the original 
sound, tliat they produce a simultaneous impression. In large 
buildings, however, this may not bo the case, and then the 
eclio becomes a serious inconvenience. We may notice one 
or two of the most remarkable instances in nature and in art. 

On the banks of the Rhine, near Lurley, there is an echo that 
repeats the sound several times, and has been frequently described 
by travellers. In the gallery of St. Paul's Church, London, the 
faintest whisper is conveyed from one side of the dome to the 
other. The tick of a watch may be heard from one end to the 
other of the Abbey of St. Albans; and in Woodstock Park, 
there is an echo that repeats seventeen syllables by day, and 
twenty by night. In the cathedral of Girgenti, in Sicily, there 
is an echo by whicli a sound is conveyed from the great western 
door to the cornice behind the altar. The confessional happened 
to be placed at the fomier, and some over-curious persons re- 
sorted to the latter for news, till, by some mishap, a listener 
once heard more than was convenient, by which the secret 
became known, and the confessional was consequently removed. 
At the sepuklire of Metella, the wife of Crassus, there was an 
echo that repeated five times. We are informed by Barthius, 
in his notes on Statius’s ‘‘ Thehais,” that on the banks of the 
Naha, between Coblcntz and Bingen, an echo repeats the 
words of a man seventeen times ; and although the repetition 
is in most echoes heard after the word or note of the person who 
speaks or sings, in this instance the repetitions follow the origi- 
nal sound so mpidly and clearly, with such varieties, that the 
voice seems to be lost in the multitude of mimicry. 

In times when men were less interested in the investigation 
of the causes of the phenomena they heard or saw, the echo 
must have exceedingly perplexed them. Were we permitted 
to indulge imagination, it would not be difficult to picture to 
ourselves the amazement and consternation with which an inha- 
bitant of the newly-peopled earth would be seized, when he first 
hoard the rocks far and near reiterating the broken senteneee 
tliat escaped from his lips, as ho wandered alone by the banks 
of a river, or chased the deer in the mountains. There is much 
in external nature calculated to awaken that consciousness of 
invisible power which resides in every bosom that has not been 
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entirely contaminated by vice. The Greeka> whose luxuriant 
imaginations were ever active in the personification of natural 
phenomena, have given to Echo a place among the gods. The 
reader will recal to memory her history. She is described as 
the daughter of Air and Tellus, the attendant of Juno, and the 
confidant of Jupiter. Her loquacity, however, displeased the 
god, and she was so fiair deprived of speech as to only have the 
power of reply when spoken to. Pan was once her admirer, 
but never enjoyed her smiles. Narcissus was the object of her 
choice, but he despised her, and she pined to death, though her 
voice is still heard on the earth. It is unnecessary to point out 
the aptness and beauty of this personification. 

The production of wind is another important inquiry con- 
nected with the conditions of the atmosphere ; but as it is a 
phenomenon dependent on the distribution of heat, it will be 
better explained in the following chapter. 



CHAPTER IV. 


ATMOSPHERICAL PHENOMENA DEPENDENT ON THE 
DISTRIBUTION OF HEAT. 


Theories of Hoat.— Dilatation by Heat*— Pyrometer.— Thermometers.— -Wind,— 
Trade'Wjnds.—Stomia— Latent Heat.— Thaw.— Boiling Point.—Ev^apora- 
tion.— Hygrometers.— Clouda— Classification of Clouds.— Rain — Snow. — 
Hall. — Dew. — Hoar I’rosts. — Mists.— Fogs. 

Modern philosophers have thought it necessary to make a 
distinction in terms between the cause and effect of the sensa- 
tion that is called heat, and have adopted the word caloric as 
the name of the agent. To our readers, this refinement in 
phraseology is a matter of little importance. The difficulty 
of ascertaining the nature of the agent is not lessened by the 
appropriation of a name. Some writers consider it (juito un- 
necessary to make this distinction of terms ; and it is certainly 
not more necessary to separate the cause and effect of heat, 
than of light or electricity. But as the appropriate use of the 
words caloric and heat may sometimes prevent a confusion or 
a circumlocution of expression, we sliall use the former as 
expressive of the agent in those mstances where there might be 
a want of precision if the term heat were employed. 

The various opinions that have been entertained concerning 
the nature of caloric may be considered under two general 
heads. Some persons imagine it to be a material agent of so 
great tenuity as to evade our observation, its existence being 
proved only by its effects ; while others consider it as a pro- 
perty of that principle called motion. W e are not among those 
who expect to ascertain with precision the elements of heat, 
light, electricity, and magnetism; for although we entertain 
an opinion that they are modifications of the same agent, yet 
it is, in all probability, one of those primarily created causes 
wlilch the most refined analysis and the most careful inquiry 
will ever fail to discover. To ascertain the variations and 
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dependences of effects is within the reach of the human mind, 
but the cause is hidden from the most curious gaze, and must 
ever remain tlie secret of that self-intelligent Power by which 
it was brought into existence. 

Among those who have maintained the immateriality of heat, 
and have considered it a property of matter producing a vibra- 
tion among its particles, we may mention the names of Bacon, 
Boyle, Newton, Davy, and Leslie. The theory is well ex- 
pressed by Bacon : color est motus expansivus, cohibitus, et 
nitens per partes minores/’ 

In favour of this hypothesis it has been argued that as caloric 
does not possess weight, and is not under the guidance of those 
laws which govern bodies in relation to the conditions of motion 
and rest, so it cannot be a substance. 

The opinions of Dav>% the master mind that remodelled che- 
mistry, we may give in his own words : “ The immediate cause 
of the phenomenon of heat is motion ; and the laws oi* its com- 
munication are precisely the same as the laws of the communi- 
cation of motion. Since all matter may be made to fill a 
smaller volume by cooling, it is evident that the particles of 
matter must have space betwecH them ; and since every body 
can communicate the power of expansion to a body of a low er 
temperature ; that is, can give an expansive motion to its par- 
ticles, it is a probable inference that its ow n particles are pos- 
sessed of motion ; but as there is no change in the position of 
its parts, as long as its temperature is unifoim, the motion, if it 
exist, must be a vibratory or an undulatory motion, or a motion 
of the particles round their axes, or a motion of particles round 
each other. 

It seems possible to account for the phenomena of heat, if 
it be supposed that in solids the particles are in a constant state 
of vibratory motion, the particles of the hottest bodies moving 
with the greatest velocity, and through the greatest space : that 
in liquids and elastic fluids, besides the vibratory motion, which 
must be conceived greatest in the last, the particles have a 
motion round their own axes, with different velocities, the par- 
ticles of elastic fluids moving with the greatest quickness ; and 
that in ethereal substances the particles move round their own 
axes, and separate from each other, penetrating in right lines 
through space. Temperature may be conceived to depend upon 
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the velocity of the vibrations; increase of capacity on the 
motion being performed in greater spaces ; and the diminution 
of temperature, during the conversion of solids into fluids or 
gases, may be explained on the idea of the loss of vibratory 
motion in conse((uence of the revolution of particles round their 
axes, at the moment when the body becomes liquid or aeriform ; 
or from the loss of rapidity of vibration, in consequence of the 
motion of the particles through greater 8 i)ace. ” 

Those who maintain the materiality of caloric, urge in proof 
of their opinions, that substances always expand by an increase 
of temperature, and that their magnitude can only be increased 
by the actual addition of new matter, that is to say, by the 
particles of heat. Having no predisposition to either one or 
the otlier of the theories that have been mentioned, we may be 
pennitted to remark there is an immeasurable distance between 
the fact and the deduction : for it is equally easy to suppose the 
principle, caloric, to have an effect in increasing the expansive 
power of bodies, and tlius augmenting their volume. 

The transmission of heat through a vacuum, has also been 
considered a proof of the materiality of caloric in opposition to 
Davy’s hypothesis. This argument cannot be admitted, for the 
statement has not been proved : a vacuum cannot be formed, 
for although the amount of elastic fluid contained in any given 
space may bo decreased l»y artificial moans, yet it is impossible 
to extract it entirely. The same remark applies to the tlicory 
of the materiality of electricity, and might be extended to 
light. 

When governed by curiosity, we feel some anxiety to ascer- 
tain the nature of the agents which have been so improperly 
called the imponderable bodies. But we do not know how 
science would be benefited by the determination of the ques- 
tion, or what practical results would follow from the discovery, 
except tlxat many given to speculation might he better employed, 
were one of the subjects on which it has been so profusely 
dispensed, thrown out of the catalogue of queries. It is suffi- 
cient for 118 to ascertain the effects produced ; and, however 
mortifying it may be to the man who prides himself on the 
variety of his learning and the extent of his investigations, to 
confess ignorance of all the great secondary causes which hold 
government over matter, yet it is desirable that we aliould 
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be sensible of our relation to Him who gave all things birth. 
We shall not, therefore, dwell upon speculative principles, but 
proceed to make a few remarks upon those laws of action which 
have an influence in producing or modifying the phenomena 
which we witness upon, or believe to be produced beneath, the 
surface of the earth. 


DILATATION BY HEAT. 

The volume of bodies generally increases with the tempera- 
ture. There are, how^ever, a few exceptions to this law. Some 
metals, for example, expand at the instant of congelation ; and 
clay conti’acts with the addition of heat. This last result, how- 
ever, can scarcely be considered as an exception to the law, for 
it is the liberation of the water w hich is combined with the 
clay that causes it to contract. 

All substances have not the same increase of volume with 
a certain increase of temperature. Gases and vapours expand 
more than either liquids or solids, and solids less than liquids. 
Of all solid bodies, the metals are most exi)anded by heat, 
and lead is more susceptible than any other metal. But the ex- 
pansion is small under all circumstances, and it is consequently 
difficult to construct inshuments by which to determine the 
amount. Lead, for instance, only expands one part in three 
hundred and fifty, when raised from the temperature of melting 
ice to that of boiling water. But this is not the only practical 
difficulty, for a solid expands equally in every direction in its 
breadth and width as well as length. We have, however, no 
means of measuring an increase in volume, but must deduce 
the expansion of the w'hole from the increase in one direction. 
Another difficulty is, that an equal increase, at different tem- 
peratures, does not produce in solids the same expansive 
effects. 

To prove that solid bodies do expand when their temperatures 
are raised, allusion might be made to the instances in which the 
principle is applied in the arts. The cooper surrounds his casks 
with iron hoops at a red heat that they may, when cold, bind the 
tighter ; and the smith must in all his works bear in mind the 
same result. In some instances, it is necessary to guard very care- 
fully against those errors which may arise from the dilatation of 
metals, and esjMJcially in the use of delicate philosophical instru- 
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ments. The astronomer is peculiarly exposed to erroneous 
results from this cause ; for a ray of light, a current of air, or 
the heat of the hand, may be sufficient to derange an observ- 
ation, and to increase or decrease a distance or a diameter. 

This effect must have some influence upon the solid mass of 
the earth itself, causing it to expand as its temperature is raised, 
and to contract as it cools. The variation of temperature on 
the surface is too small, in all probability, to produce any effect 
of importance ; but the constant decrease of inteimal heat, a fact 
recently determined, must occasion contractions of no small 
amount ; and it is probable that some of the phenomena wit- 
nessed on the surface of the earth may be attributed to this 
cause. shall not attempt to defend the very ingenious 

theory of volcanic action proposed by M. Cordier,but the mention 
of it will prove the importance of considenng the expansion of 
solids by heat, and their consequent contraction in cooling. 

As the result of experiment, we know that the temperature 
of the interior of the earth increases towards the centre, and 
that it is cooling by the radiation of heat from the surface. 
Admitting these facts, it is easy to account for volcanoes, and 
many of the appearances which are presented by tlie several 
portions of the mineral crust. But there are many ways of 
applying these facts, and M. Cordicr has one of his own. This 
philosopher accounts for volcanic activity upon the principle 
that solids contract in cooling ; and if it be supposed that an 
enormous pressure be thus produced upon a melted mass in the 
interior, by the external refrigerating mass, the intumescent rocks 
might be forced out. In tliis way M. Cordier explains the 
ejection of lava. 

“At TeneiiiFo, in 1803, I calculated,*’ he says, “ as nearly as 
possible, the amount of matter ejected by the eruptions of 1795 
and 1798. I performed the same calculation in respect to the 
products of two eruptions, yet more perfectly isolated, which 
exist in the extinct volcanoes of France; to wit, in 1806, those 
of the volcanoes of Murol in Auvergne; and in 1809, those of 
the volcano of Cherchemus, near Izarles, at Mezin. I found 
the volume of matter in each eruption to be much less than 
one cubic kilometre, or 1,308,044,971 cubic yards. From these 
data, and others of the same kind, which I have obtained at 
other places, I feel justified in taking the volume of a cubic 
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kilometre as the extreme limits of the product of einjptions in 
general. But such a mass is very small in relation to the w hole 
earth. Aj>plied to its surface, it would fonn a bed w hich would 
not be 1 -500th part of a miliinetre in thickness. More defi- 
nitely, if we suppose the mean thickness of the crust of the 
earth to be G2.1 miles, a contraction of this envelope, which 
would shorten the mean radius of tlie central mass 1 -494th of a 
milimetre {l-12G94th of an inch), would be sufficient to pro- 
duce the matter of one eruption. 

Proceeding upon these data, that the contraction produces 
the phenomenon (of volcanoes), and that over all the earth five 
eruptions takes place yearly, we shall come to the conclusion, 
that the difference between the contraction of the solid crust 
of the eai*th and that of the interuai mass, w^ould not shorten 
the radius of that mass more tlian a milimetre (.03997 of an 
inch) in a century." 

Whether we admit the accuracy of M. Cordicr’s deductions 
or not, it is evident that the same force wffiich causes a bar of 
iron to expand when heated, and contract when cooled, must 
influence all solid bodies more or less, and may ]) 0 ssibly occasion 
terrestrial phenomena of the most violent character. 

Many instruments, called pyrometers, have been invented for 
the measurement of the dilatation or contraction of solid bodies, 

when their 
temjKirature 
is changed. 
It will not be 
necessary to 
describe more 
than one of 
these, as they 

‘ PYROMKTKB, are all formed 

on nearly the same principle, and we shall select that in- 
vented by the celebrated Ferguson, wliose meclxanical genius 
has been rarely excelled, and scarcely, if ever, equalled. 
This instrument measures the expansion to 1 -45,000th part of 
an inch. It consists of a mahogany frame, b c », attached to a 
disc, divided into 360 equal parts, the central bar e being capable 
of motion, and of communicating that motion to the index. A 
dilatation of this bar, equal to one inch, will force the index 
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round the circle, and it is easy to calculate the amount of 
expansion by the angular motion of the index. 

The central bar is divided into two pieces, one long and one 
short. One end of the long bar p is fitted into an iron plate o, 
the other pressing upon the end of tlie sliort bar e, at the 
point /. When lieat is applied to the bar f, its expansion acts 
upon the lever-formed bar e, which causes the revolution of 
the index. 

It may he supposed, from what has been stated, that liquids 
also dilate when their temperature is raised. Liquidity is but 
the state of ti’ansition between solids and gases, and most snb- 
stances may he made to assume cither the one or the other. 
But all liquids havtt not the same degree of expansion with 
the same increase of temperature, a statement \\hich may be 
easily proved by filling three equal themometer tubes to the 
same height w’ith three different substances — mercury, water, 
and alcohol, for instance — ^and plunging them into water heated 
to about 160 ® : the degree of dilatation will not be the same in 
either two. 

To determine the dilatation of a li(]uid is a very simple ex- 
periment, though the method to which we refer is subject to 
several erroi's. If a thcmiomcter tube, that is, a tube hav- 
ing a bulb at one end, be partly filled with a liquid, it may 
be submitted to any degree of lieat, and the difference of level 
between the comniencemeut and close of the ex]>eriment will 
give the dilatation. But in making this experiment, it is ne- 
cessfiry that the air contained in the liquid and the tube should 
be first expelled, or its expansion will give a false result. It 
must also be remembered that licpiids, when exposed to the 
atmosphere, become vapours at all temperatures, and more 
abundantly lis the temperature is raised, so that the quantity 
of the liijuid will be diminished. To pi’eveut these twn sources 
of error, the tube should he about half filled with water, or 
any other liquid, and boiled for some time, to expel the air, 
and when this has been done the open end of the tube should 
be hermetically sealed. 

Liquids generally have a uniform expansion or contraction, 
except Miien the temperatures approach those degrees at which 
they boil and freeze, and then their degree of dilatation is 
clianged. Water is a most remarkable exception to tliis law. 
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As its temperature is lowered it continues to contract, until it 
roaches about 39° of Fahrenheit*s thermometer, and then the 
contraction ceases ; but when its temperature is lowered to 
nearly the freezing point it begins to expand, and continues 
to do so, until it is frozen. This fact is one of consider- 
able importance in the explanation of natural phenomena, for 
the expansion of water, when in the act of freezing, must 
in many cases be an active cause in the destruction of rocks, 
and will account for many results which are vritnossed in 
regions subject to extreme cold. A lake, when frozen over, 
must, by its expansion, tend to destroy its banks, and form a 
considerable mass of detritus, and in this way extend by de- 
grees the surface of its waters. But it Ij in elevated countries, 
which are for a large portion of the year covered by immense 
bodies of ice, that the effects are most frequently observed. 
Fissures are filled with water, which, when congealed, expand 
so violently as to rend rocks asunder, projecting large fragments 
into the valleys beneath, and breaking away the loftiest pinnacles 
from their parent beds. 

There are several interesting experiments by which the 
expansibility of gases may be proved. If a flaccid bladder be 
held to a fire, or if hot water be poured upon it, the small 
quantity of air it contains wiU be larified, and the bladder will 
be inflated. If a glass retort be held over 
a spirit lamp, the open end being immersed 
in some fluid, large hubbies of air will appear 
on the surface of the liquid, driven out by 
the expansion ; hut as the vessel cools the 
elastic force of the air will decrease, and 
the liquid rush into the bulb, sliowing 
SHOWING the amount of expansion in the enclosed 

KXPANSION OF OASI68. 

The expansion of gases by an increase of temperature is 
an effect productive of many of those phenomena which are 
observed in the atmosphere, for nearly all its changes are 
dependent on the action of heat. As all fluids become lighter 
when their temperature is raised, the heated particles will 
always rise to the top, and the coldest sink to the bottom, so 
that a mass of liquid or vapour with unequal temperatures will 
be arranged in strata. When a spirit lamp is placed at the 
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bottom of a vessel contaming water, or any other liquid, the 
particles iu contact with the bottom will be heated, expand, 
and rise to the surface, while the colder particles descend; thus 
a series of currents, some upwards, others downwards, will be 
established until the whole mass is raised to the boih'ng tem- 
perature. It would be impossible to raise the temperature of 
a liquid by the application of heat to its surface. That which 
is true in these instances in regard to liquids, is also true in 
relation to gases. The atmosphere, acted upon by solar heat, is 
subject to innumerable changes as the result of expansion and 
contraction. Currents of heated air rise from the surface, in 
consequence of reflected or radiated heat ; cold currents fall and 
occupy their places. In one region the surface of the earth is 
more heated than another, and a stream of cold air rushes from 
the colder regions to occupy its place ; and by such processes as 
these, winds and hurricanes are produced. 

From these statements it will be evident, that the expansion 
of Iwdies by an increased temperature, is intimately connected, 
with many phenomena which are wntnessed on the surface of 
the earth ; and tliat the facts to which we have briefly alluded 
are worthy the consideration of the man who is anxious 
to acquaint himself with the phenomena by which he is 
surrounded. But there is an instrument to which we shall 
have frequent occasion to refer, as the means by which many 
philosophical principles have been determined ; and it would be 
impossible to describe its use, or the principles of its construc- 
tion, to the individual who was not acquainted with the 
general laws of the expansion of substances by an alteration 
of temperature. It would, therefore, bo possible to justify 
the propnety of introducing in tliis work some remarks upon 
the laws which govern the expansion of bodies, if there were 
no other object in view than the explanation of that instrument— 
the thermometer. 


THE THEBMOMETER. 

Almost any substance might, under certain conditions, be 
employed to measure temperatures. Solids and gases, however, 
would, from a casual consideration, appear to he best suited for 
this purpose, as tliey are more uniform in their expansion than 
liquids ; but this deduction is not found to be practically true. 
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The expansion of solids from a rise of temperature is so small that 
they caunot be employed without mechanical contrivances, and 
the dilatation of gases is so great, that thtdruse is attended with 
much practical inconvenience, when adapted to the measurement 
of high temperatures. Liquids are best suited for thermometers. 
But liquids have, in general, an irregular expansion when they 
approach the boiling and freezing temj>erature, and therefore 
that one must be chosen whose freezing and boiling points are 
separated by the greatest interval, at the same time comprising 
those temperatures which it is commonly most necessary to 
determine. Alcohol freezes at a very low temperature, but it 
is readily vaporised ; the oils arc vaporised at a very high 
temperature, but they are easily solidified. Neither of tliese 
substances therefore can be used as thermometer's for com- 
mon purposes, though they are useful under certahi circum- 
stances. Mercury has been very generally einploytjd, and it 
may be necessary to give the reader such particulars as may 
enable liim to construct the instrument, should he uish to test 
the accuracy of the information wdiich is given in this volunje, 
or to commence a series of experiments by wliich the boundary 
of science may be extended. 

The mercury to he used for thcnnometrical purposes must 
be pure, that is, must he free from admixture with any other 
substance, whether solid or liquid. The best way to secure 
this is to distil it, and it may then, if the subsequent processes 
l)e carefully attended to, be expected to give the same results in 
how many instruments soever it may be employed. 

To obtain a means of observing the contraction or c‘xpan- 
sion of this liquid is the next object. For this purjiose 
the student may provide himself with a capillary tube that 
has a spherical bulb at one end, the bulb having a consider- 
al>le proportion to the bulk of the whole tube. In sidecting 
the tube, gi’eat care must be taken that its bore be uniform ; 
for as the instrument is to be graduated, so it is necessary that 
any quantity of the liquid may stand at the same height in ail 
places. To fill the tube recjuires a particular process, for as 
the bore is capillary the mercury cannot be poured into it ; hut 
if the bulb be held over a spirit lamp, and the temperature of 
the contained air he raised, its expansion, and the consequent 
escape of a portion, will produce an exceedingly rarefied atmo- 
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sphere. If the open end of the tube be then plunged into 
mercury, and the bulb be cooled, the enclosed air will lose a part 
of its elastic force, and the mercury will be driven into the tube by 
the pressure of the atmosphere. A small portion of the tube will 
be still occupied by air, and to expel it the instrument must be 
again submitted to a high temperature ; and when the mercurial 
vapour occupies tlie space to the exclusion of the air, the open 
end of the tube must be hermetically sealed. The mercurial 
vaj)our will condense as it cools, and a tolerably perfect vacuum 
be formed. 

The mercurial column being obtained, a scale must be 
attached to it. First plunge the bulb into a vessel containing 
melting snow, or ice, and the mercury will contract, falling to a 
level at w^hich it will remain until the liquefaction be complete ; 
and as the result is the same in all places, the point of elevation 
may be marked on the tube, and be called the freezing point. 

Then plunge the instrument into boiling water, and the mer- 
cury will expand until it reaches a certain height, and there it 
will remain stationary, however intense may be the fire applied 
to the water ; and hence we discover that there is a tempera- 
ture above which it cannot \>e raised, and the level of the mer- 
cury may be marked as the boiling point. 

But the instrument will not then be complete, until a measure 
is provided for any temperature between the freezing and boiling 
points. The division of this space must be arbitrary; and 
indeed it is only necessary that such a graduation should be 
formed as shall enable different observers to understand each 
other s results. Unfortunately the same division has not been 
universally adopted, and although it is easy to reduce the ob- 
servations made by one graduation to the degrees of another, 
yet the want of unanimity is attended with inconvenience. 

The scale employed in England was invented by Fahrenheit, 
and is called after liis name. In his day it was supposed that 
the mixtui*e of snow and salt produced the most intense cold 
that could be obtained by any artificial means, and he conse- 
quently took that temperature as the commencement of bis 
scale, and marked the level of the mercury, when placed m this 
mixture, as 0. The interval between this and the freezing 
point, he divided into 82 parts or degrees ; and, by continuing 
the graduation, the boiling point was fixed at 212®. 
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The centigrade scale is employed in France, and in this the 
interval between the boiling and freezing points is divided into 
100** ; the freezing point being 0. Reaumur s thermometer is 
generally used in other countries, and it differs from the centi- 
grade in the division of the interval between the freezing and 
boiling points into 80 instead of 100®. 

It must not be supposed that the thermometer is a measurer 
of the quantity of caloric contained in any substance : degree of 
temperature and quantity of caloric are not synonymotis expres- 
sions. The thermometer will be equally affected whether it 
be plunged into a river or a basin of water taken from it, and 
yet it cannot be supposed that there is as much caloric, if we 
may speak of the agent as though it were matter, in a small as 
in a large quantity. Caloric may be present in a substance, 
without affecting the thermometer. There arc, in fact, 
two states in which the agent may be placed : in one its pre- 
sence is known by the effect which it has upon bodies whether 
animate or inanimate, and in the other its influence is confined 
to an alteration of state ; the one is called sensible, the other 
latent heat, or more properly constituent caloric. 

WINDS. 

Having explained the influence of heat in the expansion of 
all substances, it will bo interesting to trace its influence upon 
the atmosphere, which is, as already stated, a vast body of air 
suiTounding the earth. There 01*6 many causes which are 
constantly tending to destroy the equilibrium of the atmo- 
sphere, and to produce streams or currents of air, called winds, 
which vary in their intensity according to circumstances ; but 
of all these none are so important as the variation of tempera- 
ture, I’he volume of a gas or vapour increases, as already 
explained, with its temperature, and must therefore be, bulk 
for bulk, lighter. If this observation be applied to the atmo- 
sphere, it will be perceived that when the air is resting upon 
any spot more heated than that which surrounds it, there wdll 
be a constant flowing in of cold streams in every direction, so 
that persons situated to the north of the overheat^ district will 
experience a northerly wind, while those to the soutli will 
feel a southerly wmd. 

From comparatively insignificant phenomena we may often 
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acquire a knowledge of the great principles of nature ; an 
observation which is illustrated by the artificial winds that are 
constantly circulating through our dwellings. Smoke rises 
from a common fire, because it is mingled with hot air ; and the 
deficiency of air thus produced in the apartment where the fire 
is burned, is supplied by the cold ah' which rushes through the 
crevices of the doors and windows. The fire, however, com- 
municates to a portion of the inclosed atmosphere of the room 
an increased temperature, which consequently rises. Hence it 
is that in churches, chapels, theatres, and other public build- 
ings, the air is hotter and more oppressive in the galleries than 
in the lower j)art8 of the building. 

In every room where an unequal temperature is communi- 
cated to the atmosphere, there arc two cuiTents, one outward and 
another inward, as may be easily proved ; for, if a lighted candle l>e 
placed near the top of the door, the flame will he blown outward 
by the heated current which is making its escape, and if at the 
bottom, it will be blown inward by the cold current which is 
rushing in. The same process is going on in nature, on a larger 
scale, and the principle which explains the one, is applicable 
to the other. The land and sea breezes, which occur in all 
the islands of the torrid zone, are proofs of this statement. 
During the hottest part of the day the winds set in from every 
direction towards the centre of the island, for the air over tlie 
land is more heated than that over the water. IThen the sun 
sets, the land radiates its heat, and the air over it being gra- 
dually cooled, the wind is changed, and blow’n from the land 
towards the sea. 

But the principle to wliich we have referred is not sufficient 
in itself to account for aU the atmospheric phenomena result- 
ing from the motion of air. The air resting upon the equatorial 
regions being more heated than that wiiich surrounds the polar, 
there must be a constant current of cold air rushing from the 
poles to the equator, and a counter current of hot air from the 
equator to the poles. It might therefore be anticipated, that aU 
countries in the northern hemisphere would experience a con- 
stant north wind, and all in the southern hemisphere a constant 
south wind, except so far as local obstructions might interfere. 
No such results, however, are produced; but within tliirty 
degrees of the equator, in each hemisphere, constant winds are 
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blowing, called the trade-winds ; those in the northern kemi- 
i^ere firom the north-east, those in the southern from the 
soath-eest. 

It is true that there is a never-ceasing under-current of air 
from the polar regions to the equator. But in consequence of 
the revolution of the earth from west to east, the atmosphere is 
influenced by a force acting at right angles to that which results 
from the heating of the air at the equator. As an atmosphere 
must necessarily participate in the motion of the body it sur- 
rounds, and as the velocity of the earth s circumference must 
increase from the poles to the equator, so the velocity of the 
atmosphere from west to east must increase in proportion to its 
advance towards the equatorial regions. Let us then imagine 
a current of cold air rushing jfrom the poles to the equator to 
occupy the place vacated by the heated air, and throughout its 
progress to be influenced by a constantly increasing rotatory 
motion from west to east, and it will be evident that as two 
forces are acting upon it, it must take an intermediate path, 
and in fact describe a curve line, the convexity of that line 
being turned towards the east. The cause of the trade-winds 
will now be easily deduced. In the northern hemisphere there 
is a current of air from the north to the equator ; but being 
impressed by a force tending to drive it eastward, that is to 
say, being under the influence of the earth e rotation, it takes 
an intermediate course, and a north-east wind is produced. In 
the southern hemisphere there is a current from the south to 
tlie equator, but this being also under the influence of a force 
tending to drive it eastward, a south-east witid is the result. 

Some writers have referred to the influence of the solar and 
lunar attraction upon the atmosphere as a general cause of 
winds. There can be no doubt that the two luminaries, by their 
attractive force, have an influence upon the atmosphere some- 
what similar to that which disturbs the ocean, hut their effect 
upon it is of little or no importance in our present inquiry, and 
it is quite certain that the trade-winds, instead of resulting 
from, would rather be retarded by, their attractive power. 

The trade winds in some parts are subject to a change of 
direction every six months, and they are then called monsoons. 
This variation in the trade winds is produced by the annual 
revolution of the earth round the sun, which causes the north 
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pole to be dimjted towards that luminary one half of the year, 
and the south pole the other half, one being the summer of the 
northern hemisphere, the other the summer of the southern. 
When the northern hemisphere is especially exposed to the 
sun*s rays, Arabia, Persia, India, and China, being greatly 
heated, raise the temperature of the atmosphere that covers 
them, and the colder air from the regions south of the equator 
rushes towards those parts. It will therefore follow that for 
six months the trade-wind is, in this instance, produced by a 
current of air rushing fi*om the equatorial regions ; but when 
the summer of the southern hemisphere approaches, the 
direction of the current changes, and the colder air rushes 
towards the ocean and countries near the southern tropic, which 
are then the most heated. 

It is not alw’ays easy to determine with precision the causes 
which disturb the ecjuilibrium of the aerial ocean. There are 
so many active agents exerting their influence, and in such an 
infinity of modes, that it is as difiScult to separate as to com- 
bine their effects. But although some objections may be made 
to the explanations we have given, there can be no doubt that 
the variation of temperature is the principal agent in disturb- 
ing the equilibrium of the atmosphei-e, although the effects 
may be obstructed by not less active though minor local 
agencies. 

From the parallel of S(P to the pole in both hemispheres, the 
winds iire inegular both in direction and violence. But in all 
countries tliere is a tendency to periodical winds more or less 
marked. Even in our own island, wliich from its situation, 
having a continent on one side and an ocean on the other, must 
necessarily have a variable climate, there is a certain prevalence 
of periodical winds : easterly winds usually prevail during the 
spiing, and during the remainder of the year westerly winds 
are most common. 

The irregular winds are most feared by voyagers and tra- 
vellers, and the most violent of these are tlie w^hirlwind, the 
harmatan, and the scirocco. 

The whirlwind appears to be produced by the contact of two 
or more currents blowing from different parts, and is usually 
produced by a temporary and local though violent notation of 
the atmosphere. The harmatan is not uncommon on the weatejra 
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coast of Africa^ and is probably produced by an interruption of 
Idle direction of the trade winds in the course of their progress 
over the sandy deserts of Africa. It is generally attended with 
an oppressive heat and heavy fog, and is said to be the fore- 
runner of a hurricane. The scirocco is occasioned by the pas- 
sage of a current of air over the heated sands of Africa, which 
render it so dry and rai'efied that it is unfit for respiration ; but 
in passing over the Mediterranean sea it absorbs a large 
quantity of moisture, and a suflbcating and oppressive fog is 
produced. 

We often hear of the destructive effects of violent winds, but 
it is not often that they visit this country. The noblest 
works of man are not unfrequently destroyed by them, and 
entire countries are sometimes devastated ; but on no part 
of the earth arc its effects more to be dreaded than in 
some districts of Africa. During the storms tliat often rage 
in the deserts, the loose and unstable sand is carried into 
the ah' in such dense clouds as to intercept the rays of the 
there omnipotent sun, while at other times it is raised by 
the whirlwind into massive and gigantic pillars. The tra- 
veller who has to cross the extensive deserts of Africa^ may 
consider himself fortunate if he passes them without beholding 
either of these teiTific phenomena. It must be a magnificent 
but fearful sight to see a number of prodigious pillars of sand, 
stalking with greater or less velocity over the unmeasured 
waste, their tops reaching to the clouds and their bases resting on 
the attenuated air. Should they, however, happen to cross the 
path of the traveller, there is little chance of escape. But if 
this phenomenon be sometimes destructive to a kafila, how 
much more so the sand wind or hurricane ! Denham had the 
misfortune to encounter a sand-storm in crossing tlie desert, and 
has briefly but graphically described its effects. The unlimited 
expanse seemed to be filled with particles of sand, and the eye 
of the traveller could only penetrate the space of a few yards 
around him ; the sun and the clouds were obscured, and a suf- 
focating and oppressive w^eight rested upon every individual ; 
the horses rc;fused to face the sandy clouds which threatened 
to overwhelm them, and both men and beast suffered under 
an oppressive thirst which could not be alleviated. 

The hurricanes which ravage the Antilles and Mascarenes 
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are among the most violent and destructive of natural pheno- 
mena. Mr. Stewart has described, in a vivid manner, the 
approach and effects of a hurricwie in the island of Jamaica, 
“ It is usually preceded by awful and certain prognostics. An 
unusual calm prevails ; not a breath of wind is felt ; the atmo- 
sphere is close and sultry; the clouds wdld, broken, and per- 
petually and rapidly shifting. At length a deep and portentous 
gloom gradually settles and overspreads the hemisphere ; the 
sun is enveloped in darkness ; a deep, hollow, murmuring 
sound is indistinctly heard, like the roaring of a distant cataract, 
or the howling of winds through remote woods; rapid and 
transient gusts of wdnd and rain speedily succeed ; various 
birds of passage are seen hastily driving along the sky, or are 
thrown down by the violence of these gusts ; even the cattle 
grazing in the fields, as if instinctively aware of the approach- 
ing danger, withdraw^ to the thickets for shelter. The blasts 
soon become more impetuous : at one moment they rage with 
inconceivable fury, and the ensuing instant seem, as it wxre, 
suddenly to expire. In a few^ hours the hurricane reaches its 
acme of violence— when all the winds of heaven, and from 
every point of the compass, winged with destruction, seem let 
loose from their caverns. The largest trees are thrown pro - 
strate, or shattered and stripped of their foliage ; the provision- 
grounds are laid waste ; the sugar-canes, levelled to the earth, 
and in the more exposed situations torn up by the roots, and 
wafted about like chaff. Many of the dwellings arc blown 
down or unroofed, and their inhabitants too often either buried 
in the ruins, or driven forth to perish unsheltered. Nothing 
can be more appalling than the wild howding and tlireatening 
violence of a hurricane during the night, when the vivid and 
quickly succeeding gleams of lightning, darting athwart the 
heavens, make ‘ darkness visible/ and heighten the horror of 
the scene.” 

Meteorologists have been long conscious tliat there are many 
phenomena connected vrith the origin and progress of winds 
which are not satisfactorily explained by modem science. 
Observation has been recently drawn to these, and it may be 
anticipated that the difficulties which now attend the explana- 
tion of many atmospheric phenomena w^iil be removed. With- 
out entering upon an explanation of the theoretical opinions 
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which have been recently proposed, it will be sufficient to state 
thai some valuable information has been collected by Colonel 
Eeid, which will probably form the foundation of a new and 
accurate examination of the circumstances under which the 
atmospheric equilibrium is disturbed, and the phenomena thus 
produced* 

Colonel Reid states, that he w^as called by his military duty 
to the island of Barbadoes, soon after the great hurricane of 
1831, which, in the space of seven hours, not only overturned 
buildings and desolated the country, but killed fourteen hun- 
dred and seventy-seven pei'sons. This led him to study the 
origin and action of storms. In the course of his inquiries he 
made himself acquainted with the opinions of previous meteor- 
ologists. 

Franklin, it appears, was the first philosopher who made an 
observation leading to the truth, by studying the origin of the 
north-easterly storms which are so frequent on the coast of 
America. By one of these he was prevented from observing 
an eclipse at Philadelphia, although that phenomenon was seen, 
as he afterwards ascertained, at Boston, which is situated to the 
north-east of Philadelphia. This induced further research, 
and he at last convinced himself that the north-easterly storm 
came from the sonth-^west. 

Colonel Capper, who for twenty years studied meteorology 
on the Madras territory, wrote a work on winds and mon- 
soons in the year 1801. This gentleman maintained that 
hurricanes were great whirlwinds, and that the place of a 
ship in these whirlwinds may l>e ascertained ; for the nearer to 
the vortex, the faster will the wind veer and subsequent 
inquiries prove that Colonel Capper was right in this opinion. 

Mr. Redfield, a more recent observer, ascertained that while 
the north-easterly storms prevailed on the coast of America, 
there was a south-westerly storm in the Atlantic, and that the 
wind blew in opposite directions on opposite sides. These 
great storms are in feet pre^^resaive whirlwinds, and always 
revolve in the same direction. 

Colonel Reid has proved the accuracy, and fully illustrated, 
in a large volume, upon suitable charts, these opinions, and has 
at the same time drawn the attention of scientific men to the 
study of meteoric changes. 
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It is not necessary to compare the amount of evil produced 
by the atmosphere under certain conditions, with its beneficial 
influence upon the huma^ species. Eveiy phenomenon may be 
considered in two ways ; but we may be perfectly satisfied that 
no agent is active for the mere purpose of destruction. The 
traveller may be sometimes overwhelmed by the vast masses of 
sand that the disturbed atmosphere bears on its wings as it 
hurries over the desert, and the pleasant country may be some- 
times overturned in its fuiy, but the same agent still ministers 
to our wants and pleasures ; it carries over the swelling bosom 
of oceans the riches and intellect of foreign climes, aids man in 
his heaviest toils, and bears life and health upon its balmy wings. 

LATENT HEAT. 

Although the presence of latent heat cannot be determined 
by any sensible effect, there arc proofs of ^its existence, and a 
knowledge of its action will illustrate many of the phenomena 
observed in nature. The mention of an experiment will per- 
haps better illustrate the kind of influence wliich it exerts upon 
matter than any description that could be given. Take a vessel 
containing ice, and plunge it into mercury at the temperature of 
200% and placing a thennometer in both the water and the mer- 
cuiy, watch the effect produced upon them. There will be imme- 
diately a conduction of sensible heat from the mercury to the 
ice, the thermometer in the mercury will begin to fall, and it 
might be expected that the one in the ice would begin to rise, 
but this docs not happen ; it remains stationary, though the ice 
melts rapidly. By the time that the ice is melted the ther- 
mometer in the mercury will have fallen considerably, though 
that in the ice will still be at the freezing point, the tempera- 
ture of the water being the same as the ice, though tile mercury 
has communicated to it so much sensible heat. Only one 
opinion can be formed as to the application of the heat which 
has been received by the ice : it has entered among its consti- 
tuent particles, and has a latent existence. A certain quantity 
of caloric is required for the performance of the process of 
liquefaction, and on this account it has been sometimes called 
the caloric of fluidity. Nor is it more singular that the agent 
should lose its power of atfecting the senses and the thermo- 
meter, thmi that the properties of two or more elements should 
be destroyed in chemical combinations. 
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From those facts it may be deduced that in the process of 
freezing as much heat must be given out as is received in lique* 
faction, an opinion which may be easily verified by submitting 
water in a similar experiment to mercuiy that has been reduced 
to a temperature below the freezing point. 

It is not difficult to determine the quantity of heat 
absorbed by a body during liquefaction. Take two equal 
vessels, one containing an ounce of water at 32*^, the other 
an ounce of ice, and immerse them, each vessel having a ther- 
mometer, in a mercurial bath raised to a high temperature. 
By the time the ice is melted, the thermometer in the water 
will stand at 172®, and consequently a temperature equal to 
140° has been communicated to it. But the temperature of the 
water is nothing higher than that of the ice at the commence- 
ment of the experiment, and it may therefore be concluded 
that it requires a temperature of 140<^ to liquefy ice. That it 
is the process of liquefaction w^hich prevents the ice from rising 
in temperature is evident ; for if equal quantities of water at 
32° and 172^ be mixed, a temperature of 102® will be produced, 
that is, the whole will have a temperature equal to lialf the 
sum of the parts. 

Nearly all liquids may be reduced to the condition of solids ; 
but they freeze at different temperatures : so on the other 
hand all solids, except carbon, are capable of liquefaction, 
though many of them require the most intense heat. 

These facts may enable ns to explain some meteorological 
results, which wotild otherwise lie exceedingly perplexing. It 
may have been noticed by some of our readers that the 
air is generally colder during a thaw than when the ground 
is actually covered with ice, and this is evidently pro- 
duced by the abstraction of heat from the atmosphere. In 
order that the ice may be reduced into a liquid state, it is 
necessary that it be supplied with a certain amount of caloric, 
to be used as a constituent principle for the production of 
liquefaction. Now this can only be obtained by robbing some 
other substance of its sensible heat. Hence it is that the 
atmosphere has a lower temperature during a thaw than when 
ice covers tlie ground and the surface of lakes andilrivers. 

But if a thaw lowers the temperature of the atmosphere, a 
frost must raise it. When water is solidified, it gives out 
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as much heat as it receives during the process of liquefac- 
tion. A large portion of tliis must be communicated to the 
atmosphere, and when there are no causes tending to decrease 
the amount of sensible heat, the temperature must be increased 
by the quantity supplied by w’ater during solidification. 

We have liitherto considered only two conditions of matter, 
solids and liquids ; and we must therefore proceed to explain 
the influence of heat in the formation of vapour. If water, 
for instance, be exposed, for a sufficient time, to any source of 
heat, its temperature will continue to increase till it has attained 
to that of 212^, but above this it cannot be raised, and the only 
subsequent effect will be the formation of vapour. It is then an 
interesting question, what becomes of the heat that is imparted to 
the water after its temperature has been raised to the boiling 
point. This can only be answered in one of two ways ; it must 
either be admitted that it is carried off by the steam, or that it 
is applied in a latent state, inappreciable to the thermometer, 
for the formation of the elastic fluid. That it is not carried off 
by the steam is certain, for the thermometer gives no evidence 
of its presence, and therefore it must be combined with it in a 
latent state, and we might have expected this analogy between 
the causes of liquidity and vaporization. 

It is possible, by a vciy simple experiment, to form an ap- 
proximate estimate of the quantity of latent heat necessary to 
convert water into aqueous vapour or steam. Take a vessel 
containing five and a half ounces of water at a temperature of 
32®, fmd let the beak of a retort containing one ounce of boiling 
water pass into it. If the water in the retort be thrown off as 
steam into the cold water, it will be found that w^hen the whole 
is vaporised, the five ounces and a half will be raised to the 
boiling point. From tliis result we leam, that the vapour of 
one ounce of water contains as much heat, in a latent state, as 
would raise five ounces and a half, at 32®, to a temperature of 
212®, or, in other words, as can increase its sensible heat 182®, 
If, then, the heat necessary for the formation of the vapour 
could have been received in its sensible state into the ounce of 
water, it would have raised the temperature to 990®, that is, 
five and a half times 180®. An ounce of water, therefore, in 
passing from a liquid to a vaporous state, receives as much heat 
as would, if sensible, raise its temperature 990®. 
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Aqueous vapour, or steam^ is perfectly invisible, and the 
white cloudy stream which is observed to flow from a vessel 
containing lulling water, is the condensation of that vapour 
produced by its meeting with an atmosphere of lower tempera- 
ture. Dr. Wollaston invented a pretty apparatus to prove the 
invisibility of steam, which at the same time shows its two most 
important properties, elasticity and condensation. It consists 
of a glass tube, about six inches long, and three quarters of an 
inch in diameter, having a bulb at one of its extremities. Into 
the open end is fitted a piston, which is perforated so as 
to be opened or closed by a screw at the top ; and the 
piston rod is kept in the perpendicular by moving through a 
cork, A handle is attached by a brass ring to the tube. 
When the instrument is to be used, a small quantity of water 
must be placed in the bulb, and raised to the boiling point by 
a spirit lamp, the aperture being left open until the air has been 
expelled. Then close the opening, and raise the steam until 
M it forces the piston upwards ; immei*se the 

% tube in cold water, and the vapour being 

i condensed, a vacuum will be formed, and 
S the pressure of the atmosphere will force 
I S the piston downwards. This little instru- 
^ ^ meat shows the appliesation of steam as a 
I ° moving power ; but it is not our intention 
g g to refer to this beautiful application of a 
g natural agent, as our princip^ object in this 
s volume is to explain the natur^ phenomena 
I which depend upon tlio laws of material 
S existence. 

We have spoken of the boiling point of water as being 212^ 
of Fahrenheit 8 thermometer ; the reader is, however, probably 
aware, that the boiling point is not stationary, but varies 
according to circumstances. Among other things it may be 
mention^ that the boiling point has always a relation to the 
height of the barometer, or in other words, to the atmospheric 
pressure. Now as the atmospheric pressure varies, even at the 
same place, there will also be a slight variation in the boiling 
point. But if we measure the pressure at different heights, 
the variation will be found very conriderable, and in those 
places there will be a proportionate difference in the tempera- 
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tar© at which water boils. To show that the boiling point of 
a fluid is lowered as the pressure decreases, place a flask 
containing water at about 200®, under the receiver of an air- 
pump, and before the receiver is exhausted the water will boil, 
for a less pressure is exerted upon the liquid. The same result 
may be obtained in another way. Boil a small quantity of 
water in a thin flask, and while the steam is passing off, cork up 
the mouth of the flask and remove it from the source of heat. 
The boiling will almost immediately cease, but if the flask be 
plunged into cold water, the ebullition will recommence. This 
singular result is produced by the condensation of the aqueous 
vapour, which causes the formation of a vacuum above the 
liquid ; and as the boiling point is lowered by the removal of 
external pressure, the water contained in the flask is again put 
into a state of ebullition. 

It will follow as a necessary result from these experiments 
and facts, that an increased pressure will raise the boiling 
point. There is indeed no limit to the temperature to which 
water may be raised, except that wliich regulates the amount 
of pressure under controul ; water may in f^t bo made red-hot 
without boiling. 

These facts have an evident connection with results obtained 
by travellers. It has been frequently observed by those who 
have visited mountainous districts, that the boiling point of 
liquids varies in proportion to the height of the place above the 
level of the sea. From what has been already said concerning 
the atmosphere, we know that the pressure is Jess upon the 
summit of a mountain than in the plains beneath, and the 
boiling point of liquids will be lower. The converse of this is 
also true, and in deep mines tlio boiling point must be propor- 
tionally raised. 

As in the process of va]X)risation a large amount of heat must 
be combined w’ith the particles of the body, an equal amount 
must be given up by vapours when they return to a liquid state* 
The vapour prodticed by a cubic inch of water will occupy a 
space of seventeen hundred cubic inches ; but all the latent 
heat it contains must be abstracted before it can be condensed 
into a liquid. 

Philosophers have made a distinction between vapours and 
gases, although thei-e is a sufficient analogy in their physical 
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condition to warrant the supposition that they have the same 
origin. The gases w^ere probably separated from the vapours, 
under the supposition that they could never take the liquid 
form, and were therefore sometimes called the permanently 
elastic fluids. There is, however, now no doubt, that the gases 
as well as the vapours may be compelled to take a liquid state, 
and that to present them in this form it is only necessary to 
abstract from them their latent heat. The greatest amount of 
cold ever produced is unable to effect this result. Dr. Faraday 
has succeeded in condensing some of them by another process, 
and has thus afforded an argument for the inference that others 
might be reduced could the obstacles to experiment be removed. 
It is a well established fact, tlmt when an elastic fluid suffers me- 
chanical compression, its temperatui'e is raised, a portion of its 
latent heat being made sensible. The sensible heat may be easily 
drawn off by the contact of some cold body ; so that by con- 
tinuing the compression, and abstracting the sensible heat, it 
may be possible to remove so much of the latent heat as may 
compel the gas to take a liquid form. By submitting the gases 
in strong glass tubes to the pressure of their own elastic force, 
Dr. Faiuday succeeded in condensing nine of them. Oxygen, 
nitrogen, and hydrogen, have resisted a pressure equal to that 
of eight hundred atmospheres, so that there can be little pro- 
sf)ect of knowing anything about the liquids from which they 
are produced. When it is remembered that oxygen and 
nitrogen are the component parts of atmospheric air, there will 
be little difficulty in deducing from the facts which have been 
stated, proofs of the wisdom displayed in the choice and arrange- 
ment of materials. If an atmosphere of vapours had been 
employed instead of gases, it might all have been condensed 
into a liquid daring some inclement season, and the beings 
de|>endent on its existence have perished. 

EVAPORATION. 

The formation of vapour does not altogether depend upon 
ebullition ; or in other words, it is not absolutely necessary that 
a liquid should be raised to the boiling point for the production 
of vapour. A liquid may produce vapour from its surface at 
any l:emperature, though the amount increases with the sen- 
sible heat. It was once supposed that evaporation resulted 
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from a chemical affinity bctweeu the particles of air and the 
liquids evaporated. This theory, proposed by Hailey, has been 
disproved by the experiments of Dalton; and if we had no other 
proof, the formation of a vapour in vacuo would be a sufficient 
contradiction. 

Every mass of water on the surface of the earth, and every 
moist or damp district, will afford an example of evaporation. 
All parts of the earth support a mass of atmospheric air, to 
which they are constantly imparting aqueous vapour, and 
there is but one limit to this process, the saturation of the air ; 
the point of saturation being the reception of a quantity 
that will exert a pressure sufficient to prevent any further 
evaporation. 

As there are many phenomena resulting from evai»oratioii, 
it may be necessary to refer to some of the general laws which 
govern the formation and action of vapour under this circum- 
stance, before any attempt bo made to explain the phenomena 
themselves ; and should the reader find the statement of prin- 
ciples less interesting than tlieir application, he may console 
himself by tlie recollection that every serious attempt to exer- 
cise the reasoning iKJwers makes the next effort less difficult. 

In ail observations upon the process of evaporation, it is 
absolutely necessary to consider the temperature of the liquid 
from which the vapour is rising. When the temperature is 
high, tlte force exerted against the evaporation by atmospheric 
vapour is altogether inappreciable, but when the tem[)erature 
is low it must bo taken into account, for then it may have a 
force almost equal to the vapour itself. It appears from 
Dr. Dalton’s experiments, that at all temperatures between 
21 2^" and 198®, the rate of evaporation is exactly proportional 
to the elastic force or tension of the vaj)our; but as tiie 
temperature lowers, the law becomes subject to greater 
variations for the tension of the rising vapour, while that 
contained in the atmosphere, comes nearer to an equality. In 
order, therefore, to determine the elastic force of the vapour 
which rises by evajwration from a liquid, it is necessary to 
determine the amount of pressure exerted by the vapour in 
the atmosphere. 

To ascertain the quantity of vapour suspended in the atmo- 
sphere at any particular time, instruments are used called 
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hygrometers. The principle of their construction is the 
applicatioii of a substance capable of absorbing moisture, in 
such a manner as to measure, by a mechanical contrivance, 
the amount of aqueous vapour that may be contained in any 
space. 

M. de Luc employed for this purpose a piece of whalebone, 
a substance that absorbs moisture very readily, and to this he 
attached an index capable of an easy motion round a graduated 
face. By observing the indications of the instrument at dif- 
ferent periods, the observer will have a comparative estimate 
of the quantity of vapour in the atmosphere. 

M. Saussure’s hygrometer consists of a human hair, previously 
boiled in a caustic ley. Tlie hair is fas- 
tened at one end to a hook, and a weight 
is attached to the other. As the hair 
expands or contracts, it gives motion, by 
a simple mechanical contrivance, to an 
index which passes over a graduated arch. 

The hygrometers generally employed 
by philosophers give the proportional dif- 
ferences of aqueous vapour at distinct 
|>eriods, without estimating the weight of 
water contained in the atmosphere at the 
time of experiment. We have employed 
a little instrument of our own construc- 
tion, which will measure in grains the 
weight of water contained in a given 
space, and consequently enable the ob- 
server to deduce the amount contained in 
a given extent of the atmosphere. It con- 
sists of an accurately balanced beam, to 
one end of which is attached a square foot 
of tissue paper, and to the other a scale-pan. These were 
adjusted under dixsuinstances that prevented the interference 
of aqueous vapour, and it is always easy to ascertain by the 
instrument the relative proportions of vapour contained in a 
l>ortion of air at different periods, or, with particular precau- 
tions, the quantity contained in the atmosphere itself. 

A soinewiiat analogous instrument has been sometimes used 
by meteorologists, but this, as well as others, estimates the 
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variation in degrees by angular motion, and not by weiglit. It 
consists of a balance-beam, having a piece of sponge at one end, 
and a slender rod or index at the other. The sponge, wliich 
may be rendered more hygrometric if steeped in pearUash and 
water, rapidly absorbs moisture from the air, and as its weight 
increases, the index rises and gives a proportional estimate of 
the vapour which may be present in the atmosphere. 

The hygrometer invented by Mr. Daniells is more frequently 
used by meteorologists than any other, and is more accurate, 
though it recjuires a greater time to register an observation. 
In the use of this instrument there may at first be some diffi- 
culty, but the certainty of its results gives it a value in the 
estimation of the practical philosopher which the student can 
scarcely appreciate. 

Wo have already proved that, in the formation of vapour by 
ebullition, there must be a considerable absorption of heat. 
In the production of vapour by evaporation, this is equally 
true, whatever may he the temj>erature of the liquid at the 
time. There are many interesting experiments by which this 
feet may he proved. If the bulb of a thermometer be surroundt d 
by a wet s]X)nge, and exposed to the action of the sun, the ther- 
mometer will rapidly fall, and the same result will be produced 
if it be covered with ether, a substance which evaporates very 
quickly. For the production of vapour, under all circumstance s, 
heat is required, and in these experiments it can only be 
obtained by the abstraction of sensible heat from the bodies in 
contact with it, or from its own substance. 

The same process is going on in nature on a large scale. 
When by the action of the solar rays, vapour rises from the 
surface of water or from damp districts, the temperature of the 
atmosphere immediately resting upon that portion of the earth, 
is consecjuently lowered ; for in order to produce the vaporous 
state, the bodies near to, or in connexion with the liquid, must 
be robbed of their sensible heat. 

There is a very interesting experiment connected with tliis 
subject, which is generally observed with surprise by those who 
are unacquainted with its cause. If some ether be poured upon 
the surface of water in a flat shallow vessel, and be then placed 
under the receiver of an air-pump, the air being withdrawn, 
the etiier will boil, and the water will freeze. These opposite 
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results are evidently produced by the same cause, the vapor- 
isation of the ether. The boiling-point of the ether is lowered 
by the removal of atmospheric pressure ; vaporisation, there- 
fore, goes on rapidly, and the sensible heat of the water is 
abst^ted to facilitate this change of state, until at last so 
much nvray, that the water is frozen. 

l>r. W«idllhstOA invented an instrument called a cryophorus, 
which illukratesthe same principle. This instrument is a glass 

tube, hav- 
ing a bulb 
at each end 
at right 
angles to 
its length. 

From the bottom of one of these, ft, there proceeds a small tube, 
through which a liquid, water being usually employed, is intro- 
duced. When i*emoved to the opposite bulb, e, it is boiled, so 
that the whole of the instrument may be filled with its vapour, 
and then the tube is hermetically sealed. Now if the water be 
accumulated in one bulb, and the opposite be immersed in a 
freezing mixture, the vapour will be rapidly condensed and a 
vacuum be formed ; new vapour is then produced, causing an 
abstraction of caloric to so great a degree as to freeze the water. 
This philosophical toy very admirably proves that temperature 
is lowered by evaporation. 

We have not attempted to give the reader a systematical 
explanation of the science of heat, but only to describe those 
facts which may enable him to understand the appearances that 
result from the existence and action of the agent. Some of the 
statements which have been made may appear to have little or 
no relation to atmospherical phenomena, but the reader will be 
able to decide whether tliis be true or not when he has perused 
ttie whole of the chapter. 

The various circumstances under which caloric acts upon 
bodies^ and the subtlety of its influence, have prevented the 
natural phEosopher fi*om tracing witli precision its agency in 
many changes which are, no doubt, in some degree dependent 
upon it. When investigating the appearances presented by 
external material objects, it is possible to give an undue pro- 
minence to those occult agents which are supposed to hold 
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control over matter^ without attention to the influence which 
bodies may have upon each other in subduing or restraining their 
efiects. The reader need not then be surprised that our know- 
ledge of the phenomena which are most common should be so 
limited, but rather that there is a trace of certainty upon the 
surface of some of our speculations. 

CLOUDS. 

Clouds are found to be unvarying indicators of the opera- 
tions of atmospheric causes, and of the changes which may be 
expected from them. It has been often said that man is a 
meteorologist by nature, and in a limited sense he is so ; for 
BO active are the influences of external material agents on the 
animal system, and so close the connexion between the material 
framework and the thinking principle of man, that rapid or 
violent changes in external circumstances are felt as well as 
seen. But many advantages result from the possession bf that 
knowledge which enables us to predict the changes that are in 
the process of accomplishment, and this knowledge is especially 
advantageous to those whose engagements are at all influenced 
by the weather. The husbandman and the mariner, by a con- 
stant attention to the forms and combinations of clouds, ore 
generally able to predict with some ceriaiuty the probability 
of changes, and often to avoid evils which would result from 
ignorance. The face of heaven is indeed an unfailing index, 
and upon it can be read times and seasons.** But the prin- 
ciples from which the man who is ‘‘ weatherwise '* gathers his 
prophetic skill are so indefinite in his own mind, that he can 
seldom give an explanation of the reasons for his judgment. 
The meteorologist must be in all things governed by expe- 
rience, but unless the results he obtains can be connected by 
system, and based upon a knowledge of philosophical causes, 
his information can be of no value to others, and afford him 
but little satisfaction. 

Many attempts have been made to explain the formation of 
clouds, but there are difficulties connected with all the theories 
that have been proposed which cannot be at present removed. 
There can be no doubt that clouds have their origin in the com- 
bination of aqueous vapours carried into the atmospliere by the 
process of evaporation. But by what process are the particles 
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of aqueous vapour united, when they form clouds and become 
visible to the eye ? There is no plulosophical principle that 
can of itself account for the production of douds : they are not 
always formed by the saturation of the air, for the atmosphere 
has seldom reached the point of extreme moisture when they 
make their appearance ; nor can they be attributed to a dimi- 
nution of heat, for the clouds are sometimes warmer than the 
surrounding air, and if the mere coldness of the atmosphere 
produced a condensation of vapour, then the night should always 
be attended with fogs or clouds, as the result of the condensa-^ 
tion of the vapour raised during the day. 

An extremely high temperature is sometimes continued for 
a long period of time without the formation of clouds. It is 
stated that in January 1785, the mean temperature during the 
month was a temperature that must have greatly aided 
evaporation, and yet not a drop of rain fell, and the moisture of 
the air diminished so rapidly that it at last almost disappeared. 
Such a phenomenon cannot be easily explained. 

It is generally admitted that clouds are combinations of 
aqueous drops, and it is almost universally acknowledged that 
their parts have a vesicular structure. Saussure states that, 
when passing over the Alps, he saw a multitude of small 
globules, like soap-bubbles, the com|)onent parts of a cloud, 
boating before him, being generally about the size of a pea, 
and apparently covered with an inconceivably thin coating. 
These particles, being charged with electricity of the same 
name, repel each other, and they are trom tliis cause prevented 
fmm taking a liquid state and falling as rain. M. Pouillct, 
for whose talents we entertain the highest xe8j)ect, as one of the 
best teachers and most discriminating observers in Europe, has 
stated, that electricity is not given off during evaporation 
without chemical change ; but we have made experiments of 
80 decided a cliaracter as to enable us to state that this result 
is not to be depended on, for we can prove that in every case of 
evaporation electricity is developed. We shall take this result 
as though it were proved, leaving the enumeration of our 
experiments, and the statement of the means by which the 
fact was ascertained, to another occasion. Now, if electricity 
is given off during evaporation, and the vapour be formed into 
vesicles, they must all be similarly electrified, and consequently 
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repel each other ; but if there be no truth in the principle we 
have stated, there are ample means of accounting for the accu- 
mulation of electricity from the action of other causes. 

CLASSIFICATION OF CLOUDS. 

In order that meteorologists may compare their observations 
and results, a system has been adopted by which they are able 
to class the several kinds or modifications of clouds. There are 
seven modifications, three of which are simple, two intermediate, 
and two compound. The following table 'will form the basis of 
the remarks we shall make upon the several kinds : — 

Simple Modifications. 

1, Cirrus ; pamllcl, flcxuous, or diverging fibres, extensible 
by increase in any or in all directions. 

2, Cumulus; convex or conical heaps, increasing upward 
from a horizontal l)asc. 

3, Stratus ; a widely-extended, continuous, horizontal sheet 
increasing from below. 

Intermediate Modificatmu. 

1. Cirro-Cumulus ; smalb well-defined, roundish masses, 
in close horizontal arrangement. 

2. Cirro-Stratus ; horizontal, or slightly-inclined masses, 
attenuated towards a part or the whole of their circumference, 
bent downward or undulated, separate, or in groups consisting 
of small clouds having these characters. 

Compound Modifications. 

1. Cumulo-Sthatus ; the cirro-stratus blended with the 
cumulus, and either appearing intermixed Mith the heaps of 
the latter, or superadding a wide-spread structure to its ba^. 

2. Cumulo-Cirho-Stratus, or Nimbus, the rain-cloud. A 
cloud, or system of clouds, from which rain falls. It is a 
horizontal sheet, above which the cirrus spreads, while the 
cumulus enters it laterally and from beneath. 

For this classification of clouds, which is sufficiently accu- 
rate for the present state of the science of meteorology, we are 
indebted to Mr. Howard, who has rendered more than ordinary 
services to this interesting branch of physics. The eye of the 
casual observer may rest upon the broad expanse of heaven a 
thousand times, year by year, and in it he may find nothing in 



This modification of cloud has a less density, and generally 
a greater elevation, than any other. Sometimes it may be seen 
stretching over the half of the hemisphere, and at other times 
it may appear as small thin streaks, here and there pencilled 
upon the clear bine sky. Its duration is as variable as its 
extent ; for although it will frequently retain the same form 
for many hours, it does occasionally change in appearance so 
rapidly as not to be recognised, after a few minutes, as the 
cloud which was first observed. Its direction is not less various. 
From the primitive threads which are first wove, others are 
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thrown, either laterally, or upwards and downwards, and all 
become in time the branches of new shoots ; while, under dif- 
ferent circumstances, transverse lines are foimed, which, inter- 
secting the lateral threads, produce a reticulated structure. 
There is, in fact, no modification that is so various in its extent, 
duration, and form, as the cirrus ; but it appears to be more 
constant in all these particulars when product at great heights, 
than when at a small elevation. 

The cirrus has been considered the sign of wind ; hut it is 
ever desirable to remember, that when we prognosticate atmo- 
spheric changes from the presence or appearance of clouds, we 
must be careful to consider the circumstances under which 
they are formed. Horizontal sheets of cirri frequently attend 
wet weather, ever changing here and there into cirri-stratus ; 
and small groups of the same cloud are generally distributed 
over the sky during fine weather. When the cirrus precedes 
a storm, it is lower and denser than at other times, and gene- 
rally rises in a direction opposite to that in which tlie storm 
advances. 

It is now generally supposed by meteorologists that the cirrus 
acts the part of an electric conductor from cloud to cloud, or 
from one mass of air to another. This supposition is war- 
ranted by the form of the cloud, and it is ^worthy remark that 
phenomena usually attributed to electricity, frequently attend 
the long-continued presence of this cloud, when accompanied 
with dry easterly winds. 

The cirrus has been, not inappropriately, called the Proteus 
of the sky. The variety of form it assumes may possibly at 
first confuse the student, but a little perseverance, and an 
attentive examination, will soon enable him to detect it under 
all the varied forms it presents. It might be desirable to 
arrange the cirri in difibrent classes, for we are convinced that 
the several kinds cannot be traced to precisely the same causes, 
and are not the harbingers of the same resulta Dr. Forster 
appears to have made an arrangement of this kind, and wo may 
be j>ermitted to quote his judicious remarks on the subject. Of 
late, by way of distinction, I have used certain specific names 
for the various forms of each modification. I have called this 
net-like feature, the reticular cirrus. Those which are local 
and detached, and which ramify in many directions, giving the 
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id^ of a distended lock of hair, may be denominated comoid 
cirri. Sometimes numerous little filaments appijar, like bundles 
of thread, which 1 have called filiform cim. In fair, dry 
weather, witli light gales, obliquely descending bands of fibrous 
texture are often seen, and frequently move slowly along from 
the leeward in a supervening current. I by no means intend, 
by the above account, to infer, that the appearances of the dif- 
ferent kinds of cirri, or indeed of any cloud, are ever quite 
uniform ; on the contrary, scarcely two occur exactl 3 " alike ; 
and there are many features so various and so mixed, that a 
particular description of each can scarcely be attempted. In 
some kinds of weather, the numberless and ever-cthanging 
figures which this cloud is continually presenting to the eye, 
baffle all attempts at description. Observation affords the only 
means of becoming acquainted with them.'’ Some such arrange- 
ment as that adopted by Dr. Forster is desirable ; but it should 
he entirely founded upon observation, for in such an one all 
meteorologists might agree. 


THE CUMULUS. 



The cumulus is a dense hemispherical lump of cloud, rising 
from a horizontal base, and is generally formed in the lowest 
tegions of the atmosphere. Its first appearance is as a small 
irregular cloud, but previous to rain it rapidly increases in size. 




THE gTHATUS, 


105 


mass rolls upon mass, often presenting the appearance of an 
aerial mountainous scene; hill capping hill, tinged with an 
ever- varying light. When it is the harbinger of rain, its sur- 
face presents a lleecy appearance, and is formed in dense masses 
in lower strata of the atmosphere than usual. In fair weather, 
the cumulus has a well-defined rounded surface, and fi‘ef|uently 
increases or diminishes with the temperatui-e, lasting in one 
form or the other throughout the whole day. Mr. Howard, 
speaking of this modificfition of clouds, says, “ independently of 
the beauty and magnificence it adds to the face of nature, the 
cumulus serves to screen the earth from the direct rays of the 
sun, by its multiplied reflections to diffuse, and, as it were, to 
economise the light ; and also to convey the product of evapora- 
tion to a distance from the place of its origin. The connexion 
of the finer round forms, and more pleasing dispositions and 
colours of these aggregates, with warmth and calmness ; and of 
everything that is dark, and abrupt, and shaggy, and l)lotched, 
and lion'id in them, with cold, and stonn, and tempest, may be 
cited as no mean instance of the perfection of that wisdom and 
benevolence wliich formed and sustains them.” 


THE HTRATUS. 



The term stratus includes all those creeping mists which, 
during the night, and particularly in the summer months, are seen 
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to rise from low or damp situations* It is spoken of by writers 
as the lowest of all clouds ; there are others, however, which, 
like itself, rest their lower surface upon the earth. The stratus 
generally rises after sunset, and vanishes soon after sunrise, 
being gradually separated from the earth, and ultimately dis- 
persed. This modification has been long known as the har- 
binger of fair weather, and it is almost invariably followed by 
a serene and cheerful day. 


THE CIRRO-GUMULTra 



The cirrus sometimes loses its fibrous character, and its 
streaks seem to contract and form themselves into globular or 
irregular masses, arranging themselves horizontally, and sink- 
ing in the atmosphere — ^this is the cirro-cumulus. It has been 
supposed by some observers, that this alteration of form results 
from the cessation (either from a change in its structure, or 
in the condition of the air) of its office as the electrical conductor 
of the atmosphere. The cirro-cumulus is frequently seen in 
dry summer weather, and, under certain circumstances, in the 
interval between showers. The nubeculee of the cirro-cumulus 
sometimes almost cover the sky on a fine summer s evening, 
while at other times they are well defined, and far separate 
from each other. The varying forms of this cloud ore pecu- 
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liarly beautiful ; and there is no modification so likely to attract 
the attention of an observer of nature. But although it is 
usually the forerunner of fine weather, it is not always the 
indicator of peace ; for when it makes it appearance with the 
cumulo-stratus, it is sure to be followed by a storm. 


THE CIHRO STRATUS. 



The cirro-stratus varies in form almost as much as the 
cirrus itself, from which it is frequently produced. It is, like 
the cirrus, a fibrous cloud, but the fibres ore more dense, and 
generally more regular than in that modification. Its appear^ 
ance is commonly followed by rainy and windy weather. It is 
tlrnt modification in which the heJo most frequently appears, 
and hence it is, in all probability, as Mr. Howard suggests, 
that this phenomenon has been considered a prognostic of foul 
weather. The cirro-stratus has, under certain circumstances, 
so much the appearance of shoals of fish, that it has been 
called the mackerel-back sky. But at other times it presents 
a structure which warrants the designation vmved cirro-stratus, 
and is then generally attended by high temperature and thun- 
der-storms. 
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THE OTTMTJJ-O PTRATITS, 



The cutnulo-stratus is a compound modification, and being a 
common gradation between those clouds which indicate fair, and 
those which bring rough and rainy weather, it is frequently 
seen in all those countries subject to sudden and repeated 
atmospheric changes. It consists of cirro-stratus blended with 
cumulus, and frequently appears as vast banks of cloud with 
overhanging masses. The ever-varying forms of this cloud 
are such as the painter durst not imitate lest he should be 
charged with a parody of nature. We have often found 
amusement in the days of childhood, and in riper years, m 
tracing the outlines of well-known forms in bnining embers, 
but these do not furnish half so prolific a field for the exercise of 
imagination as the cumulo-stratus. Here are pictured, in bold 
and determined outline, the ruined tower, with its heroes and 
demi-gods, the majestic mountain, giants, fairies, and scenes of 
by-gone days : 

“ Sometimes we see a cloud that’s dragonish ; 

A vapour, sometiinef*, like a hear or lion, 

A towered citadel, a pendent rock, 

A forked mountain, a blue promontory, 

With trees upon ’t that nod unto the world 
And mwk our eyes with air. 

I'hat which is now a horse, even with a thought 
Tliu rack disllmue, and makes it Indistinct 
As water Is in water.’* 
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The cumulo-stratus gives a very majestic character to niouii- 
tainous scener}’^, and Mr. Harvey accurately described its appear- 
ance to an observer, when he said, it resembled a curtain drop- 
ping among the hills, and enveloping their summits, the hills 
themselves i‘emindmg us of the massy Egyptian columns which 
support the flat-roofed temples of Thebes and Tentyra* 1 he 
usual outline of this cloud, however, is that of a fungus 
with a thick stem. Its ap{)earance may sometimes induce a 
casual observer to imagine the speedy fall of rain, but it is stated 
by Mr. Howard and others that rain never falls from the cumulo- 
stratus. 
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The nimbus has, generally, its origin in the cumulus. Vast 
masses of cumuli may, under favourable circumstances, be seen, 
in rough weather, previous to the fall of rain, to lift themselves 
into towering mountains of cloud, and by an insensible change 
to take the structure of the cumulo-stratus. After a short 
interval the clouds become more dense, and increasing in irre- 
gularity and extent, form themselves into the nimbus or rtdn- 
cloud. It is worthy of remark that -when the cumulo-stratus 
is produced, lengthened masses of cirrc»" stratus often cap it, and 
the quantity of rain seems to be, in some degree, proportional to 
the extent of the cirri. 


110 TERRIBLE BPPEOTS OP A THUNBER-CLOUD. 

The Bimbus is so readily distinguished, that an observer who 
is ignorant of any classification of clouds can generally detect 
it, although the cumulus and cumulo^stratus frequently assume 
a darker and more threatening aspect. Experience, however, 
guides us, and we are frequently able to recognise objects which 
we cannot describe* 

Clouds are so often in an electrified condition, that Beccaria 
and others have thought tliat their formation is attributable to 
this cause. But whether their opinion, which in the present 
state of our knowledge can neither be proved nor disproved, 
is founded in truth or not, we do know that clouds are fre- 
quently the reservoirs of electricity, and that the agent is 
in a state of great intensity. In August 1772, a bright 
cloud was observed covering a mountain in Chcribon, in 
the island of Java, and loud sounds, resembling the dis- 
chaige of artillery, were heard from it. A part of this cloud 
detached itself fbom the mass, and covering over a circum- 
ference of about three leagues, was seen to rise and fall, as 
though it were perpetually under the influence of two opposing 
forces, discharging laige globes of fire, which illuminated the 
whole country. Its eflects were most terrible for seven leagues 
round ; houses and plantations were destroyed, and upwards of 
two thousand persons were killed. There are however, some 
cases in which electricity from the earth strikes the cloud. A 
very remarkable instance of tliis is mentioned by Brydonc, in 
which the electric action of the earth melted part of the tire of 
a cart-wheel. 

Other modifications of cloud are sometimes charged with 
electricity, but the nimbus is always in an electrified condition, 
although it is not always placed in those circumstances which 
cause the electric agent to assume that free state in which its 
presence is displayed to the senses. The nimbus is invariably 
the source of a thunder storm ; and its dark and apparently 
compact structure seems to be rent by the violent expanding 
force of the devastating agent, as it darts from cloud to cloud, 
or cleaves its way to the earth. The form of the rain-cloud is 
modified by the intensity of its accumulated electricity, but in 
what degree lias not been determined* 

There are appearances sometimes assumed by clouds which 
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cannot be assigned to any of the classes which have been 
described, but these are trimsient and quickly take some of the 
modifications we have explained. Many other particulai's have 
been ascertained concerning the constitution and structure of 
clouds, their appearances, position and results, which we cannot 
now attempt to enumerate. 


RAIN. 

The vapour carried into the atmosphere by the process of 
evaporation is frequently brought to the earth again as rain. It 
is easy to account for the fall of rain, but philosophers are not 
agreed as to the mode of its formation, and are unable to account 
for the variation in tlie quantity tlmt falls in different countries. 
No subject connected with general physics is more involved in 
mystery than this. The difficulty partly depends upon our 
inability to account for the change of temperature which is 
supposed to be the cause of rain, and partly from the impossi- 
bility of understanding how the change of temj>erature does 
produce the phenomenon. Even in places where there is little 
or no variation in the annual mean temperature, there may be 
a great variation in the annual quantity of rain ; a circumstance 
w’hich induces us to believe that there are local and temporary 
deranging causes, which it is almost impossible to estimate. 
We can only attempt to explain the opinions which have been 
entertained by philosophers, and to mention a few of those 
facts which have been established by experiment or observa- 
tion. 

It is universally agreed that rain is produced by the con- 
densation of vapour drawn into the atmosphere by the process 
of vaporisation. The question of dispute is, why does the 
vapour separate from the atmosphere and fall in a liquid state 
to the earth? We might suppose it to arise from the coldness 
of the atmosphere at the time, but it not unfrequently happens 
that rain falls very abundantly when the air is most heated. 
We have little doubt that this subject, and many other branches 
of meteorology, will be relieved from the perplexing circum- 
stances wliich now attend their explanation, when we are better 
acquainted with the influence of atmospherical electricity, an 
agent already known to exert an immense influence upon the 
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conditions of terrestrial phenomena* Neither vaporisation nor 
liquefaction can be effected without its development, and 
existing as it does in all matter, it may be supposed to exert 
some influence in every change of state* Some philosophers 
have attempted to explain the phenomenon of rain by a reference 
to this agent, but we are not sufficiently acquainted with its 
conditions to determine its true influence upon atmospheric 
phenomena. 

Dr. Hutton's explanation of the production of rain is very 
ingenious, and has l)een adopted by many meteorologists as better 
accounting for the phenomenon than any other theory. Rain, 
according to Huttons hypothesis, results from the union of 
extensive strata of air, charged with moisture and having diffe- 
rent temperatures* It is well known to philosophers, that the 
quantity of aqueous vapour that can be contained by the atmo- 
sphere differs according to the temperature of the air at the time. 
Air at a given temperature may be saturated, and the condition 
under which this effect is produced has been already explained; 
but raise the temperature, and it will be in a state to absorb 
more moisture ; lower the temperature, and it must part with 
some that it possesses. Let it then l)e supposed that two 
saturated masses of air, having unequal tcmiwratures, and 
consequently containing an unequal amount of humidity, meet 
each other ; their contact will produce a conduction of heat 
tending to give an equality of temperature. A mean tempera- 
ture will be produced, which must be lower than the tempera- 
ture of one of the masses, and if the quantity of moisture be too 
great for the degree of heat, a portion of it must be precipitated 
as rain. The whole of this explanation then depends upon 
the fact tliat temjxfrature and solution do not increase by 
equal increments. Many objections have been made to the 
theory, and there are many facts for which it does not readily 
account; but these cannot be urged as a proof of its inaccuracy, 
as they may depend on local circumstances which modify the 
common results. 

Mr. Harvey has so well illustrated by numerical examples 
Dr. Hutton s theory in an excellent paper worthy its place in 
the Encyclopfiedia Metropolitana, that we cannot deny ourselves 
the pleasure of a quotation. “ Let it be required to mingle two 
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volumes of eir, of the temperature of 40** atid <>0®, each being 
saturated with humidity. The forces of vapour at these tempe- 
ratures are known to be respectively 0 263 and O’ 624 inches of 
the mercurial column. The compound mixture will evidently 
have a mean temperature of 60% and the mean of the elastic 
forces is at the same time 0*393 inches of the same column. 
But if we now inquire whether air at the temperature of tW 
requires an elastic force of this last-mentioned magnitude to 
saturate it entirely with vapour, we shall find that it does not ; 
and that at the mean temperature here referred to, the measure 
of entire saturation is really 0-375 inches of quicksilver. The 
difierence of the two columns, or 0*018 inches of mercury, is 
hence the amount of moisture that must be precipitated in some 
wa}^ or other from the compound mass. 

“ To prove, moreover, that this precipitation cannot be con- 
stant for equal differences of temperature, let us farther take the 
example of the temperatures 60^ and 80". In this case we shall 
find the elastic forces to be 0*524 and 1 *000 ; and that at the 
mean temperature of 70% the force of vapour is 0*721 inches. 
But the mean of tlie two elastic forces is 0*762, thereby proving 
that a quantity of vapour corresponding to 0*041 inches of the 
mercurial column must be discharged the moment the aluial 
volumes are united. 

The order of nature, however, requires that rain should not 
always result from the mingling together of opposite currents, 
and the theory before us amply coiffirms it. Two volumes of 
the temperature of 50" and 60" may be blended, one of which 
contains vapour denoted by 0*2 inches of mercury, and the other 
by 0*3, the mean being 0*25 ; whereas the quantity necessary 
for entire saturation, at the mean temperature of 55", is 0*443. 
In such a case it is obvious no precipitation can take place. One 
volume, again, may have a temperature of 62", and be in a state 
of entire saturation, its elastic force being 0*401 ; but the volume 
to be united to it, with a temperature of 70% containing moisture 
equivalent only to 0*689* The mean amount of moisture will 
therefore l>e 0*495 ; whereas the humidity necessary to produce 
saturation at the mean temperature of 61" is 0*542, so that no 
precipitation can take place. It is evident, indeed, that combi- 
nations of this kind may be endless, the absence of precipitation, 
as well as the amount of it when it takes place, depending on 
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circumstances so raried and uncertain, as to a£Pord, on the one 
hand, a shower so gentle, as hardly to bear the designation of 
rain, and on the other to supply the torrents which occasionaDy 
deluge the tropics. Not only the existing state of the moisture 
in the mingling columns must be subject to innumerable 
changes, but their different degrees of heat must be altered also ; 
the elevation of their mean temperature too, as well as the 
extent of combination which takes place among all the moving 
volumes, must impress necessarily upon the whole of the phe- 
nomena the greatest diversity.*' 

The quantity of rain that falls in a place seems to be in some 
degree affected by these circumstances : — its position in relation 
to the equator ; its proximity to the sea ; and its elevation. 

1. The largest quantity of rain falls at or near the equator, 
and progressively decreases to the poles ; a fact which seems to 
he in some degree substantiated by the fulness and magnitude 
of the equatorial rivers. Humboldt has given the following table 


as the result of the calculation he made of the proportional 
quantity of rain in different latitudes. 

Tjatitude 

Mean annual depth of Rain. 

OV . . 

fK) inches. 

19” . . , 

. .... 80 „ 

46“ . . , 

29 „ 

60“ . . . 

.... 17 „ 


But although we speak of a relation between the latitude of a 
place and tlie quantity of rain that falls there, it must not be 
supposed that there is any constant average throughout a 
parallel. Local causes interfere to prevent such a result. A 
less quantity of rain falls upon the sea than on the land, there 
being on the fbrmer no elevation around which the clouds are 
attracted ; and a greater quantity will fall in mountainous than 
in lowland districts. 

2. Rain falls more abundantly on sea- coasts than in inland 
places, although they niay be in every other circumstance 
similarly situated and have the same general physical features. 
It has been supposed, and not without evidence, that atmo- 
spheric humidity decreases in a geometrical propoiiion with 
the distance from the sea. This is an effect which might be 
expected, as the supply of vapour is most abundant near 
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large bodies of water. But it is still to be determined why it 
should be more condensed on the coast than inland, and must be 
explained according to the theory that is adopted, 

3, Mountainous countries are always more humid than level 
ones. Mountains, when acted upon by the sun, heat the air 
which is in contact with them, even in the cold regions of the 
upper atmospheric strata. These heated masses of air absorb 
the moisture from the colder columns around, but meeting 
with humid masses of lower temperature, or cooled hy the 
constant abstraction of their heat, the humidity becomes too 
great for the temperature, and rain is produced. At Keswick 
and Kendal, in our own country, both situated among the 
mountains of Cumberland, the annual fall of rain is about 
sixty-seven and fifty -nine inches respectively, while the average 
in places situated in the interior is not more than twenty -four 
inches. The quantity of rain that falls in the Julian Alps 
is estimated at 100 inches annually, though in the valley of 
Lombardy it does not exceed thirty-five inches. 

There are some countries in which rain falls during particu- 
lar periods of the year ; there are others in which it has not the 
cliaiacter of periodicity, though it may fall in greater abundance 
in one part of the year than in another. This is the case in our 
own country, the greatest quantity of rain generally falling in 
September, October, and November. In India and many other 
countries, the fall of rain is confined to certain months, an un- 
clouded sky being presented at all other times of the year. 
There is no fact that proves more strongly the importance of 
considering local causes, than the circumstance, that, by these, 
the rainy periods are sometimes decided. In Bombay, for in- 
stance, the heavy rains fail in June and the four following months ; 
but on the Coromandel coast, in the opposite months : a result 
produced, in all probability, by the Ghauts. Those places where 
the atmosphere is exposed to a periodical change in the direction 
of its currents, are subject to periodical rains. This is the case 
with the islands situated under the line in the Indian Ocean. 
Heavy rains fall during the summer solstice in the tropical 
regions of Africa and Asia, for the place of the heated air is 
occupied by a humid atmosphere from the neighbouring seas, 
and the vapour is condensed. * 

During the continuance of the trade-winds, rain is » very 

I % 
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uncommon circumstance in the places over which they blow. 
On account of the uniformity of temperature, the aqueous 
vapour is carried upward, and is at the same time steadily 
moved onward without a chance of condensation. But as soon 
as it is beyond the influence of these winds, it meets with masses 
having difierent temperatures, and rain is produced. It is a 
singular circumstance that the heavy rains of India fall during 
♦he shifting of the monsoons ; and it must have been observed 
that, in England, a dry season is always attended by an almost 
uniform wind, while wet seasons are as constantly accompanit^d 
by an tmsteady and variable motion of the atmosphere. 

There are some places in w^hich rain is almost constantly 
falling. A small rain Mis every day in a zone on that side of 
the equator on which the sun is situated, and when it ceases at 
night it commences on the other side. But there are also some 
places in which rain seldom or never falls, as in the great desert 
of Africa and on the arid shore of Peru, between the 1 5° and 30*^ 
of south latitude. 


6NOW. 

As the atmosphere as well as the earth is subject to a varia- 
tion of temperature, the moisture which is precipitated by the 
union of atmospheric masses of unequal temperature and humi- 
dity may fall in a solid as well as in a liquid state. In the 
winter months, even in our own country, when a decreased 
radiation reduces the temperature of the atmosphere below the 
freezing point, snow is a constantly-occurring phenomenon. 

When flakes of snow are csarefully examined with a micro- 
scope, they are found to be composed of a mass of beautiful 
crystals, having a more or less perfect and regular shape. Dr, 
Nettis, of Mid<fieburgh, was the first to describe these appear- 
ances, which he did in 1740. This observer very carefully 
delineated some of the figures which the crystallisation presented, 
and of these there is an alm<»t endless variety* But we are 
chiefly indebted to Captain Scoresby for our information on this 
interesting subject, who availed himself of his opportunities, 
during his polar voyages, of not only sketching some of the most 
remarkable figures, but of measuring the crystals themselves. 
This gentleman has classified the several modifications of form 
he observed, but it would be unsuited to the character of this 
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The amount of snow falling at any placse is of course regu- 
lated by the mean temperature, or, in other words, by the 
latitude, elevation, and position. According to Mr. Scorcsby, it 
snows nine days out of ten during April and the two following 
months, in the polar regions ; the heaviest falls being always 
when a humid stratum of air, from the sea, is met by a cold 
breeze from the surface of the ice. The inhabitants of these 
inhospitable climes immure themselves in their huts during the 
most inclement season, and it is then necessary to stop every 
aperture, so as to prevent the entrance of the cold atmosphere, 
or the vapour of the confined air would be immediately frozen 
and fall os snow. 

Snow has been sometimes observed to take, in the polar 
regions, a red or orange colour. This appearance is supposed 
by some persons to arise from the presence of mineral substances 
in the condensed vapour, or rather the frozen water, while 
others suppose it to arise from the presence of animal or vegeta- 
ble matter. 

Snow-storms sometimes present a luminous appearance. 
This singular phenomenon has been frequently observed, and 
we have one very remarkable instance on record. It was 
witnessed in the year 1813 by a party of gentlemen on Loch 
Awe, in Argyleshire ; and it not only gave to the suirounding 
scenery the appearance of an mmense sheet of fire, but illu > 
minatod the clothing of the individuals who composed the party. 

Natural snow-balls are sometimes formed by the passage of 
a high wind over the surface of the fallen snow. When once 
formed, their size rapidly increases, by a continued motion ; for 
as tliey roll along, they increase, and sometimes attain a consider- 
abie size. Mr. Sherriff states that in February 1830, he observed 
many of these balls in East Lothian, some of which were a foot 
and a half in diameter. They wore produced by a westerly 
wind, and had left their track impressed upon the snow. In 
one village much exposed to the west, they wore exceedingly 
numerous. 

We can scarcely avoid a remark, wliich may appear to be 
little, if at tdl, connected with an explanation of the fall of snow, 
though it cannot foil to assist in the proof of a statement already 
made, that electricity is always developed by atmospheric 
changes. Snow is universally in an electrified state, and as fax 
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as our own observations have extended, generally positive ; but 
the condition is changed by liquefaction. Many persons are 
sceptical as to the universal influence of electricity ; and in the 
present uncertain state of the science, so far, at least, as regards 
the condition of the atmosphere and the causes which influ- 
ence it, they need not be at a loss for arguments to support 
their opinions. But when we discover that so simple a process 
as that of congelation cannot be carried on without the develop- 
ment of the agent which, in other states, produces some of 
the most awful phenomena we witness above and around us, 
there can be nothing very absurd in the supposition that it 
may have something to do with many, if not all, the meteo- 
rological changes. This is not merely an opinion ; it is, we 
think, warranted by our own experiments, and rendered pro- 
bable by the experiments which have been made by others. 


HAIL. 

In England we are fortunately little subject to violent hail- 
storms, and this may account for the small attention we have 
given to the subject. In the south of France they are frequent, 
and produce the most destructive effects : the French philoso- 
phers have therefore closely studied the phenomenon. 

From among the many theories which have been invented to 
account for hail, we may, first of all, select that which was 
proposed by the celebrated Volta ; a theory which altogether 
depends upon the admission, that clouds aie in opposite electri- 
cal conditions. If we take two metallic plates, and place them 
horizontally one above the other, connecting the upper with the 
prime conductor of a machine, the lower with the ground, 
pith-balls or figures Ij^ing between the plates will, as soon as 
the upper plate is electrified, be attracted to it, but receiving a 
part of its electricity, will then be repelled, because bodies 
having the same electric condition repel each other. As soon 
as the ball or figure touches the lower plate, it parts with all 
its electricity, and is again attracted by the upper ; so that there 
is a constant oscillation produced by the disturbance and restor- 
ation of electric equilibrium. Now Volta supposes the same 
thing to be going on in the clouds; he substitutes the black clouds 
which produce hail for the metallic discs, and supposes the 
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particles of hail existing between them to undergo the same 
oscillatory motion. 

This celebrated philosopher accounts for the first formation 
of hail in the following manner : — The clouds are formed of 
hollow vesicles, the external surface of which is fluid. The 
myriads of these, which form the upper surface of a cloud, must 
undergo towards the south a strong evaporation, both on account 
of the intensity of the solar rays and the dryness of the air in 
which they swim. The elastic vaponr thus produced by the 
solar heat, must first saturate the dry air through which it 
passes, and at length, by the low temperature of some superior 
stratum, become again reduced into a vesicular state, forming 
another cloud, differing in its electrical condition from the first. 
The upper cloud will have positive electricity, on account of 
that species of electricity being developed during the precipi- 
tation of vapour, the low^cr having changed its cliaracter to 
negative, in consequence of the evaporation it has undergone. 
A diminished temperature at length may produce, betw^een the 
clouds, icy particles, or hail in a nascent state, which the oppo- 
site electrical states of the upper and lower clouds will cause to 
oscillate, until, by gathering matter from the surrounding mois- 
ture, they become at length enveloped in compact and opaque 
ice, and increasing in size, gravitation at last overpowers the 
electric forces, and they fall.*' 

It lias been objected to this theory, that hail sometimes fails 
so early in tlie morning that the sun could not have acted on 
the clouds except on the previous day, and it must then be 
admitted that the hailstones began to oscillate betw'een the 
clouds eight or ten hours before they fell. Arago urges a still 
more powerful argument iigainst the theory, when he asks how 
it is that the clouds are not brought together, for they are 
moveable^ and may l>e supposed to attract each other os w ell as 
the hail. It might also he asked how it has happened that the 
oscillatory motion has never been observed ; for it is more than 
probable that some traveller must, when in mountainous coun-‘ 
tries, have passed between hml-clouds, or at least must have 
been so near to them as to have witnessed the motion, had it 
been existent. Arago s objection is the only one which can be 
fairly urged against the theory, and it is fatal unless answered 
upon the laws of electrical attraction. 
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Mr. Harveyj to whose paper on meteorology in the Encyclo- 
paedia Metropolitana we have already referred, adapts Hutton’s 
theory of rain to this phenomenon, and supposes that a difference 
of temperature is of itself sufficient to account for the formation 
of hail. But to tliis theory it is objected, that hail-storms are 
not always most abundant in cold climates, nor most frequent 
during the winter months ; that haihclouds are generally low ; 
and that the hailstones are sometimes so large as to forbid the 
supposition that they were produced by a change of temperature 
uninfluenced by other causes. But at the same time it must be 
acknowledged that hail and rain frequently proceed from the 
same cloud. There is, in fact, a great uncertainty concerning 
the origin of hail : facts seem to combat with each other ; and 
the theory which readUy explains some of the circumstances 
which attend its fall, are found to be altogether inadequate for 
the explanation of others. In France and Spain it generally 
hails in the hottest part of the day, chiefly in spring and sum- 
mer, and but seldom during the night or in the winter months. 
In the present great uncertainty in which all meteorologists feel 
themselves to be placed, in attempting to account for the for- 
mation of hail, we shall onlj' remark, that there is some evidence 
of the interference of electricity in this as well as in other 
atmospheric changes. The electrometer is always in a state of 
agitation uj)on the approach of a hail -cloud, the electric con- 
dition of the atmosphei-e frequently changing from one state to 
another ten or twelve times in a minute ; and some suppose that 
the rattling noise which precedes the fall of hail is attributable 
to the collision of the stones in diflPerently-eloctrified conditions. 

Mr. Stewart has given a very interesting and graphic account 
of a remarkable hail-storm in the Pyrenees. “ In August 1813, 
the British army occupied a range of mountain district extend- 
ing from Roncesvalles to St, Sebastian. About this penod, the 
forces under Marshal Soult were anxious to get possession of 
the pass of Maya, situated at the top of the Pyi-enees, and one 
of the few roads on the western ridge by which cavalry or 
artillery can ^ter Spain. A division of British infantry were 
ordered to take possession of the pass, and remain there till two 
o*clock ; the day was very warm, and the sky clear and cloud- 
less. About three o’clock, the summits of the adjoining hills 
were enveloped in a cloud of pitchy darkness, leaving but an 
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obscure liglit as it quickly passed over our heads, and pro- 
ducing a peculiar noise among the rocks. As the troops began 
to descend the mountain, they were overtaken by a violent 
hail-shower, which lasted about twenty minutes, and created 
more alarm among its victims than the approaching contest. 
Contrary to my expectations, the storm was unaccompanied 
with either thunder or lightning, while the stones increased from 
the size of a bean to that of a hen-egg. These were transparent 
masses of ice, round in form, and having on their surface icicles 
about tlie length and thickness of the prong of a common silver 
fork. From this circumstance I am induced to believe that the 
hailstones had been t'vice as large in the higher regions of the 
atmosphere, and before they reached the surface of the earth, as 
the stones themselves, and the spiculse or icicles on the surface, 
had all the appearance of being partially melted down by heat. 
Fortunately the troops liad their backs to the storm, else many 
of them must have lost their eyes and been otherwise maimed, 
from the weight of tlie stones, and the force with which they 
fell. I have heard some of the men say their tin-kettles were 
dinged (or dimpled) by the shower; and I am inclined to believe 
so, from the circumstance of my being rendered lame for twenty- 
four hours, by one of them falling on my toe. The rattling of 
the stones on the canteens and kettles of the men, and their 
gradually increasing in size for some time, rendered the scene 
truly alarming, even to those who liod been in the daily habit 
of exposing their lives to the dangere of war. 1 am not aware 
of the extent of the shower, nor have I l^een able to ascertain its 
injurious consequences from the French or Basque journals ; 
but from the damage done to the orchards and grain at tlie 
bottom of the Pyrenees, I should siippse it to have occupied a 
range of three miles, proceeding from Roncesvolles into the 
valley of Bastan.” 


1)EW\ 

The term dew^ is employed to designate that spontaneous 
deposition of moisture wliich is observed on certain substances, 
exposed to the air, at a time when no aqueous vapour or xain is 
apparently falling. 

It was disputed among philosophers, until after the pub- 
lication of Dr, Wells s “Essay on Dew,” whether this pheno- 
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menon was produced rapours rising from the earth, or by the 
descent of aqueous vapour contained in the atmosphere. Dr, 
Dufay, a French philosopher, made a singular experiment for 
the purpose of determining this question. He took two long 
ladders, and fixing them so that they met at the top, and were 
wide apart at the bottom, attached to the several stops large 
panes of glass. He observed that the lowest surface of the 
lowest pane was first wetted, then the upper, then the lower 
surface of the one above it, and so on, until the same effect had 
been produced upon them all. From this result he deduced, 
that dew is occasioned by the exhalation of vapours from the 
earth during the night. He afterwards substituted cloth for 
the glasses, and weighing the pieces separately, imagined that 
he detected a progressive increase of weight in the several 
pieces, the lowest being the heaviest ; but this result, ‘ he 
says, was not so decided as he expected from the former 
experiment. 

In opposition to this theor}% and in proof of the descent of 
vapour, it was urged, that in cloudy weather little or no dew is 
formed. But Dr. Dufay had observed the deposition of dew 
on the under as well as the upper surface of bodies ; a fact which 
seemed to be directly opposed to the supposition that it owed 
its origin to the descent of atmospheric vapour. In answer to 
this, it was stated, that, as more rain falls at the base than on 
the summit of mountains, though there can be no doubt that rain 
falls downward, so dew may descend, and yet be formed upon 
the under surface of bodies. The appearance of dew on the 
low'cr surface before the upper was attributed to the cooling of 
the inferior mass of the atmosphere before the superior. 

Neither of these hypotheses, however, can be maintained. 
Dr. Wells has proved by an inductive process, founded on an 
ingenious though simple series of experiments, that dew is pro- 
duced by the condensation of the atmospheric vapour surround- 
ing the bodies on which it is deposited. From the history of 
the opinions which liave been entertained on this subject, by 
men given to philosophical pursuits, we may learn the absolute 
necessity of building all our opinions upon authenticated and 
well-investigated experiments, fuBy carried out under the guid- 
ance of legitimate d^uctions. 

The theory proposed by Dr. Wells, and now univerfially 
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adopted by philosophers, depends upon two principles, — the 
radiation of heat, and the condensation of invisible vapour. 
Before dew can be deposited on any substance, it must become 
colder than the surrounding atmosphere. It has been long 
known that dew is cold, for, as Dr. Wells states, both Cicero 
and Virgil apply to it the epithet “gelidus and Herodotus, 
speaking of the crocodile, says that in Egypt it passes the 
greater pai*t of tlie day on land, but the night in the waters of 
the Nile, they being w^armcr than the nocturnal atmosphere 
and the dew. But it was universally supposed that dew was 
the cause of the cold, instead of which it is the effect, and is 
produced by the radiation of heat from terrestrial substances. 

Bodies possess different powers of radiation dependent on 
their constitution : metals, for instance, are in this respect 
inferior to xitreous substances, and, as a general law, it may 
be stated, that bad conductors or bad reflectors of heat are good 
radiators. But the pow'er of radiation greatly depends upon 
the surface, polished surfaces radiating less than those whicli 
are uneven. 

In the consideration of the phenomenon in question, it may 
be necessary to mention, first of all, the facts which have been 
ascertained, and then to give a reason for them. 

A plate of glass placed in a horizontal position, or a piece of 
w^ool, receives very readily the deposition of dew. The pen- 
dent drops upon the delicate fibres of the gossamer must have 
been frequently observed by every lover of nature, but no such 
effect is produced upon a polished piece of metal ; it retains its 
lustre though every blade of grass may be drooping with the 
pressure of the vapour that has been condensed upon it. But 
w’hy do some bodies admit the formation of vapour upon them, 
and othej-s resist its deposition ? All bodies radiate heat and 
at all times, but some do so more than others. Substances that 
have a close and compact texture do not generally radiate so 
readily as those wliich are open or porous : the metals belong 
to the first class ; cloth, wool, and swans'-down, to the second. 
It is also w'orthy of remark that those substances w’hich radiate 
most readily arc the w'orst conductors of heat. These facts lead 
at once to the deduction, that during night the temperatures of 
substances must be diflerent, and that they must in this parti- 
cular be governed by their powers of radiation and conduction. 
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a Dietal be placed uoder the same circumstances, the tempera- 
ture of the former will invariably be found lower than that of 
the latter. 

The vapour of the surrounding air wdll be condensed upon 
the bodies which have a temperature lower than that of the 
atmosphere. The deposition of dew depends upon the pro- 
duction of a lower temperature in the body bedewed than in 
the atmosphere which surrounds it. Now all the substances 
whicli radiate more heat than is conveyed to them by the earth, 
must have, during the night, a temperature less than that of 
the air, and consequently will he covered with a condensed 
vapour, or, in other words, with dew. 

But it lias been stated, tliat some conditions of the atmo- 
sphere are more favourable to the deposition of dew than others. 
Clouds prevent the formation of dew ; for as all bodies radiate 
heat, clouds do so as well as teiTestrial substances, and there is 
therefore a mutual action between them — both giving, and both 
receiving, and thus the temperature is in some degree equalised, 
and no dew is formed. The same cifect will be produced if 
any terrestrial body intervenes between the sky and the radi- 
ator. Even a thin wire gauze, suspended over a substance 
which readily admits the deposition of dew, will be sufficient 
to prevent the effect. Dr. Wells, a man as admirable for the 
moral qualities of his mind as for his philosophical acumen, 
gives his authority to this statement: — “I had often,” ho 
says, ^‘in the pride of half-knowledge, smiled at the means 
frequently employed by gardeners to protect tender plants from 
cold, as it appeared to me impossible that a thin mat, or any 
such flimsy substance, could prevent them from attaining the 
temperature of the atmosphere, by which alone I thought them 
liable to be injured. But when I had learned that bodies on 
the surface of the earth become, during a still and serene night, 
colder tliau the atmosphere, by radiating their heat to the 
heavens, I perceived immediately a just reason for the practice 
which I had before deemed useleaa. Being desirous, however, 
of acquiring some precise information on this subject, I fixed, 
perpendicularly, in the earth of a grass-plot, four small sticks, 
and over their upper extremities, which were six inches above 
the grass, and formed the corners of a square, the sides of 
which were two feet long, drew tightly a very thin cambric 
handkerchief. In this disposition of things, therefore, nothing 
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existed to prevent the free passa^ of air from the exposed grass 
to that which was sheltered, except a cambric handkerchief. 
The temperature of the grass which was thus shielded from the 
sky, was upon many nights afterwards examined by me, and 
was always found higher than that of the neighbouring gi-ass 
which was uncovered, if this was colder than the air.” 

It must have been frequently observed by those W'ho have 
enjoyed the freshness of nature, when the sun has l)een just 
rising above the mists of the morning, that dew is much less 
abundantly deposited on those spots protected from the atmo- 
sphere by the spreading branches of the forest-trees, than on 
the oj)en space beyond them. Milton alludes to this fact when 
he says, — 

“ Full forty days he pass’d, whether on hill 
Sometimes, anon on shady vale, each night 
Fnder the covert of some ancient oak, 

Or cedar, tu defend him from the dew.” 


HOAR FROST. 

Hoar frost is produced by the congelation of the dew which 
has been deposited upon bodies. The condensation of vapour 
must always precede the formation of hoar frost. From what 
has been stated in relation to the cause of dew, it will not 
appear singular that hoar frost may be produced when the tem- 
perature of the air is above that which is nccessaiy for freezing 
water. The temperature of bodies is lowered by radiation, or 
dew could not be formed ; and it may be reduced so low as to 
freeze the water which has been condenst^d upon them. Nor is 
a fi-cquent change, from one state to the other, during the 
lapse of a few hours, uncommon in some states of the atmo- 
sphere. But, in general, hoar frost is formed when the 
temj)erature of the atmosphere is below the freezing-point ; and 
in the ever-varying climate of England this is not uncommon 
even in the summer months, though it is but seldom that the 
temperature remains below zero for many hours. 

The formation of hoar frost, and also its abundance or scanty 
ness, must result from the same conditions as regulate the 
formation of dew. The wide-spreading uninterrupted plain 
fully exposer! to the sky, may be covered with a hoary vesture 
of whiteness, when the little patch of verdure beneath the 
shadow of a shrub or a tree has not a leaf with so much as a 
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single crystal on its surface. This must have been frequently 
ob^ped by all of our readens who have walked abroad, when 

“ The fcwy-cyed morn smile* on the frost ’nlng night, 

Checkering the eastern clouds with streaks of light ; 

And flecked darkness, like a drunkard, reels 
From forth day’s pathway, made by Titan’s wheels : ” 

but there are some men who have not seen 

** The sun advance hJs burning eye. 

The day to cheer, and night's dank dew to dry.” 

MISTS. 

The term mist is very erroneously applied to all those accu- 
mulations of vapour whidi are visible upon, or immediately 
over, the surface of the earth* It is a generic designation, and 
as such may be appropriately employed ; but, at the same time, 
it is desirable to remember that all mists are not produced 
under the same circumstances, and do not present the same 
appearances. 

Mists are frequently, perhaps we might say usually, formed 
over masses of water. The cause of this is evident ; and an 
examination of the circumstances under which the phenomenon 
appears, will probably lead us to a tolerably accurate estimate 
of the agency by which mists are commonly produced. 

When the sun ceases to throw its rays upon the surface of the 
earth, exceedingly different results are produced on the land 
and water. The earth radiates its heat rapidly ; but while the 
transmission of heat from the land b confined to an immoveable 
surface, the surfiwje of water is continually changing, and as 
quickly as one stratum is cooled, whether by radiation or 
evaporation, it sinks and another of lower temperature rises. 
The superficial extent of water is therefore continually chang- 
ing, until the whole mass is reduced to the point of maximum 
density. If this be true, the atmosphere resting upon the sur- 
face of the water ought to have, and it has, a higher temperature 
than that wliidi superposes the land, “^Viien several masses of 
air, such as those over land and those over water, having 
different temperatures, and being charged with aqueous vapour, 
intermix, a mist is produced. Sir Humphrey Davy states, that 
the mists formed over the Danube are attributable to this cause, 
and that in all his experiments, made during the presence of this 
phenomenon, he found the air over water to have a temperature 
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from three to six degrees above that resting upon the land ; and 
that when the mist dispersed, the air over the land was invari- 
ably higher than that over the water. 

The reader must be already aware that we believe electri- 
city to have an extensive agency over atmospherical changes ; 
but it is possible to cany theoretical opinions, which are based 
upon well-authenticated experiments* to the brink of specu- 
lation, or to launch them upon its unexplored and unfathom- 
able waters. It does not become us to say, that the opinions 
maintained by Professor Hansteen have, upon any subject, 
this character ; but w’e shall not be charged with presump-* 
tion in stating, that we cannot conceive how the polar lights 
can in any way cause the formation of mists. This highly- 
esteemed and discriminating philosopher imagines the atmo- 
spheric vapour to he traversed by electric meteors, which have, 
he says, a tendency to give it an opacity of structure and 
apjMjarance — or, in other words, to produce mist. 

Dense mists, or fogs, are frequent in large cities. Those 
who reside in London are well aware that a winter scarcely, if 
ever, passes without the occasional appearance of this pheno- 
menon, which is sometimes sufficiently impenetrable to stay the 
progress of all the enterprise and engagements of the metropolis, 
though its environs may be at the same time enlivened by an 
unclouded sky. We have frequently stood upon the hills 
which surround the mighty city, and command a view of its 
wide expanse, and have seen it enveloped by a dark cloud, 
which could only be resembled to that wdiich frequently 
shrouds a country which has experienced the terrible activity 
of a volcano. Nor is this confined to London. Fourcroy has 
described one which, in November 1797, covered the city of 
Paris, and was so impenetrable, that men came in contact with 
each other with torches in their hands ; and in Amsterdam, a 
fog so dense enveloped the city at the close of the year 1790, 
that upwards of two hundred persons, having lost their paths, 
were drowned in the canals. 

M. Defrance states, that these fogs, which usually occur in 
winter, are to be attributed to the fall of vapours, or rather to 
descending atmospheric currents, which prevent the ascent of 
smoke. This is a simple, and probably an accurate explanation 
of the origin of many of those dense fogs which sometimes hang 
over lax|fe cities. 
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PHENOMENA DEPENDENT ON TOE DISTRIBUTION AND 
CONDITIONS OF LIGHT. 


Production of Light — Nature of Light.— General Facts.— Reflection —Refrac- 
tion. — Refractive Power of the Atmosphere.— Twilight. — Mirage — Compo- 
sition of Light.— Decomposition by the Prism and Alworption —Colour of 
Bodies. — Ckdour of the Clouds. — The Rainbow, — Haloes. — Coronas. — Par- 
hmlia. — Paragclenfip. 

In this chapter we shall endeavour to give a general descrip- 
tion of the most remarkable terrestrial phenomena which result 
from tlie conditions of light, and to explain the laws by which 
they are governed. It is not our intention to make any extended 
remarks on the opinions wliich have been entertained concerning 
the nature of light m a physical agent, a subject which has 
always been involved in doubt, or rather in inexplicable mys- 
tery ; nor can we refer minutely to those physico-mathematical 
law.s which govern its intensity, distribution, and colour, though 
it will be necessar)^ to refer to some of these for the explanation 
of the phenomena that properly come under consideration. We 
will admit the existence a principle called light, and that the 
organ it is adapted to affect is the most extensive and accurate 
of all the mediums of sense, the best calculated to add to our 
pleasures, and to increase our intellectual resources. From these 
admitted facts we will endeavour to trace the j>eculiarities which, 
under various circumstmices, produce the different luminous 
appearances around and above us. Indeed, no branch of physical 
inquiry is more worthy of investigation than the science of optics, 
although it is generally less understood than many others. By 
a knowledge of the properties of light, man has received a mar- 
vellous increase to the extent of his viinon ;-^thing8 too distant 
or too near for the natural range of his sight are brought 
within the compass of his observationj by mechanical ap|dico- 
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tions of optical principles, and in a limited acceptation, he 
possesses the power of giving sight to the blind, by relieving the 
misfortunes of some, and the infirmities of others. 

PUOnuCTION OF LIGHT. 

Light is produced under various circumstances, and by means 
which we cannot very readily explain. It has been supposed 
by some authors that light is capable of entering into all bodies, 
and that it is, in fact, a component part of them : nor can there 
be any doubt, whatever objections may be made to this state- 
ment, tliat many substances have the property of emitting 
light in the dark, after exposure to the solar rays. Tims, 
sulphate of barytes, llaldwin^s ]»hosphorus, and other com- 
pounds, become phosphoric after tliey have been thus exhi- 
bited ; and it has been stated that a diamond, which had been 
placed in the solar rays and was then immediately covered 
with black wax, slionc for several years after the av(vx was 
removed. But none of these 8ul)stances emit light of the same 
colour as that which falls upon them, a circumstance that may 
be attributed to a partial absorption. 

There are also some insects that seem to have the pow’er 
of absorbing light, and its emission is in some measure under 
their ouii control. I'ho glow-worm, which is the Lampyris 
mctUuea of Linnaeus, is common iu some parts of Kuglaud, and 
shines with a strong sulphur- coloured light. This property, 
however, seems to he only possessed by the female, which is a 
wingless insect, and resembles in form the larva of a beetle. 
There is a species of Elater^ a native of tlic W^est India 
islands, that is still more strongly endowed with this property. 
This insect is not more than an inch long, but the light, which 
it emits from two transparent eye- like tubercles placed upon 
the thorax, is so intense that the smallest print may be read by 
moving it over tlie page. It is said that the luminous insects 
derive their peculiar property from a Uc|uor which they secrete, 
and that they lose their brilliance if' it be suffered to dry upon 
the hand. It is not therefore true that the luminous appearance 
is altogether voluntary, and this is still further proved by its 
continuance for some time after the death of the inscxit. 

Certain fishes also possess the same property. The Pholas 
and the Lampyru have been long known to emit phosphores- 
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cent scintillations, and the Roman epicures were accustomed to 
darken their apartments when feasting on them, that they might 
gratify two senses at the same time. 

There is another luminous appearance, commonly called 
Will- with- the-wisp, or Jack-with-the-lantem, wliich is supposed, 
by the uninformed peasantry, to be the visible representation of 
an evil spirit that delights to delude the benighted traveller, 
conducting him by its light into hogs and morasses, and then 
leaving him to extricate himself as he can from his perilous 
situation — 

” A wand‘ring fire. 

Hovering and blaring with delusive light, 

Misleads the amared night-wan deter from his way 
To bogs and mires, and oft through pond or pool, 

There swallow'd up and lost, from suoeow far." 

Mr. Bradley supposed this appearance to be occasioned by a 
swarm of luminous insects, and Mr. Ray was of the same 
opinion. It is generally produced by the presence of phosphu- 
retted hydrogen gas, which inflames at the common temperature 
of the atmosphere, but it may be sometimes occasioned by a 
strongly electrified animal vapour. And here it may he observed 
tliat the incipient decomposition of animal and vegetable sub- 
stances is generally attended vnih luminous appearances, and 
this is particularly the case with fishes. 

Light is also given out during combustion, and it may be 
produced by a variety of mechanical means. When two pieces 
of lump -sugar, agate, or quartz, are rubbed together, a vivid 
yellow light is produced. The New Zealanders and other 
barbarians produce fire by the friction of two smooth pieces of 
wood; and forests are inflamed by the same means when two 
branches or trunks of trees, agitated by the wind, are violently 
rubbed together. 

Under all these circumstances light is produced, and its 
appearance w'ould almost lead the observer to imagine that it is 
a constituent part of bodies. Some philosophers do believe it 
to be a component part of combustible bodies, an opinion which 
seems to be justified by the experiments of Dieman and Pacts. 
These chemists exposed to a high tcm[)emture a mixture of 
sulphur and zinc, excluding every substance from whicli they 
might obtain oxygen. The two substances united without 
oxidation, and formed a sulphuret of zinc, and at the moment 
of combination gave out a vivid light. Without admitting light 
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to be a constituent of combustible bodies, it is almost impossible 
to account for the variety of coloured flames produced by sub- 
stances, and the principle of absorption would lead to the same 
result. There must, however, be some primary source from 
which all the luminous bodies on the earth's surface derive 
their property, and solar light is that source, — a principle that 
pervades the system of which our little world is a member, 
emanating from, or influenced by, the orb of day, and flowing 
as it were from a centre to the very boundaries of its acknow- 
ledged attractive influence. But ^though tliis principle is so 
widely distributed, and exerts so important an influence upon 
living animals and vegetables, we can only form conjectures 
upon its nature, our observations and experiments being confined 
to its influence on bodies, and the laws by which it Ls governed 
under particular circumstances. 

NATURE OF LIGHT, 

Two theories have l>een proposed to explain the nature of 
light, and it may be necessary to mention them. One of these 
was advanced by Newton, who supposed light to be a material 
substance, emitted in extremely minute particles from all lumi- 
nous bodies : these particles impinging upon the retina of the 
eye, produce the sensation of light. This theory readily explains 
the gi*eater number of luminous appearances, but there are some 
for which it cannot account. For a long time it was universally 
adopted, and is still acknowledged by many j>hilosoj>hei’S, 
though it has been greatly superseded by the doctrine of 
undulations. 

It has been long known that sound is occasioned by undula- 
tions excited in atmospheric air, or some other conducting 
medium, by a vibrating l>ody ; and in con8e<xuenco of this, pro- 
bably, it was suggested by Des Cartes that light also might bo 
produced by the undulations formed in an ether of extreme 
rarity filling all space. This hypothesis, however, is due to 
Aristotle, who supposed light to result from the motion of a 
pure, subtle, homogeneous medium, or ether, excited by tbt!; 
solar rays. But it owes its pi*esent fonn to the successful 
labours of Euler, Young, and Fi’esnel. According to this theory, 
the elastic medium pervades not only all space but all sub- 
stances, and is excited, in the solar system, by some undefined 
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action of the sun. Professor Aiiy has supported the hypothesis 
with the most refined analysis, and if we did not know that 
many things pronounced mathematically certain have been 
found experimentally false, we could not withhold our belief in 
the doctrino ; but it is always difficult to speculate upon the 
nature of occult agents ; and it may be doubted whether the 
question proposed in Milton s beautiful apostrophe to light has 
been or ever will be answered : — 

‘"Hail, holy light ! offspring of bearen, flwt-bom. 

Or of tlie Eternal co-etemal beam. 

Bright effluence of bright e$8cno© increato — 

Tliy fountain who phall tell ? Before the sun, 

Before the heavens thou wert, and at the voice 
t)f God, as with a mantle, didst invest 
The rising world of waters dark and deepJ’ 


GENEBAL FACTS. 

The elementary principles of a science are sometimes so dis- 
tinctly exhibited in natural appearances, that the most casual 
observer may acquaint himself with them, though he may not 
perceive their connexion or importance. But in' other instances 
they can only be ascertained by close obseiwation or by minute 
analysivs. "Without an acquaintance with these principles, the 
student only accumulates difficulties as he increases his know- 
ledge ; it may therefore be necessary to make a few preliminary 
observations in relation to the nature, liabit, and character of 
light under ordinary circumstances, w'hen uninfluenced by the 
disturbing forces to which it is subject. 

1. Light requires time for its propogntion from the hminms 
to the enlightened body* On account of the immense velocity with 
which light moves, tliis fact could never have been ascertained 
by the observation of terrestrial phenomena ; for although it is 
true that the flash of a gun or tlie light of a beacon may be seen 
by a person one mile distant when it is invisible to a person at 
the distance of two miles, yet if it were possible to measure the 
hundredths of a second with the same accuracy as we measure 
seconds, the fact could not be ascertained ; it is only by reference 
to the celestial bodies that the velocity of light can be discovered. 
Aristotle taught the instantaneous progression of light; and 
Chrysippus, the stoic, who was the successor of Zeno, says 
that its transference is like to the motion of a long rod, which 
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moves equably through its whole length when pushed at one 
end. For a long series of ages philosophei’s acknowledged and 
taught this error. M. Roeraer, a native of Jutland, dibcov<*red 
the truth when making observations on the satellites of Jupiter. 
When tile earth is between Jupiter and the Sun, eclipses of the* 
satellites of that planet happen eight minutes thirteen seconds 
earlier than they should do according to the calculations of 
astronomers ; and when the Sun is between the earth and J upi- 
ter, they happen eight minutes thirteen seconds later. These 
results can only be accounted for by admitting the progressive 
motion of light, and that light requires about 16^ minutes to 
pass across the orbit of the earth ; or, in other words, that it 
travels at the rate of 192,500 miles a second. Roemer s obser- 
vations have been since confirmed by the results obtained by 
Bradley, in his calculation of tlie aberration of the fixed stars, 
more especially of x Draconis, which fixes the velocity of light 
at 191,515 miles in a second. 

2. LigJU mmes in straight lines. If we take a series of 
metallic plates or cards, each plate having a small aperture, and 
place them one behind the other, it wdll be necessary that the 
holes should be in a right line, or it will be impossible to see 
through them. Light is not transmitted through a bent tube ; 
in this respect it differs from sound. Tlie form of the shadows 
of bodies also proves that light moves in straight lines, for when 
they are received on plane stirfaces they have a figui'e similar to 
the section of the body which casts them. 

3. Light proceeds in all directions and from every part of the 
himiiums body, I’hus if a ray of direct light pass from a lumi- 
nous body, through an aperture, upon a screen in a darkened 
apartment, a representation of that body will be fornied upon 
the screen, so that the rays of light must be thrown in every 
dii*ectiou and from every part of the luminous substance. 

It has been stated that light moves in straight lines, but 
there are certain circumstances under which it may be affected 
by forces dependent on the constitution of bodies, and compelled 
to deviate from the paths it would otherwise take. Light 
may in foct be either reflected or refracted ; it may be arrested 
in its progress, and thrown back into a direction opjxjsed to 
that in which it was moving ; or it may be bent from its direct 
course and compelled to move in some other right line or in a 
curve. 
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REFLEXION. 

The feet that light is capable of reflexion was known from 
a very early period. In the writings of Moses, mirrors or look- 
ing glasses are mentioned as being constructed of brass, and 
used by the Israelitish women* The Greeks are well known 
to have been acquainted with the reflection of liglit by polished 
surfeces* Callimachus, the Cyrenean, says in his Hymn to 
Pallas, ‘‘ She never looked into water or a mirror of orichal- 
cum,*’ the word orichaloum being usually translated a dark- 
coloured brass. In those ancient poems ascribed to Homer, 
frequent mention is indirectly made to the eflects produced by 
the reflejdon of light. To t^ebut one example, we may refer 
to the poet*8 beautiful description of the lance and breast-plate 
of his hero Achilles, in the twenty-second book — 

The Pelian javelin in his better hand 

Siiot trembling rays, which glitter'd o’er the land ; 

And on his breast the beamy splendour shone, 

Like Jove's own lightning or the rising sun. 

In one of the Fables of ASsop an optical elFect is described, 
which of itself might lead us to imagine that the Greeks were 
better acquainted with the science of optics than might be 
imagined, had we not other evidence of their knowledge. There 
is a result well known to opticians, that images reflected from 
a plane surface appear as far behind that surface as the body 
itself is before it. .®sop must have been acquainted with this 
feet when he wrote the fable of the dog and his sliadow. 

Aristotle supposed twilight to be occasioned by tlie reflexion 
of solar light by the atmosphere, and maintained that a similar 
reflexion prevents shadows from appearing totally black. This 
celebrated philosopher also stated that rainbows and halos wore 
produced by the same influential cause. 

Euclid of Alexandria, who lived one hundred and eighty 
years before Christ, wrote a work on Catoptrics, or the reflexion 
of light, which is supposed to be lost, as the volume which bears 
his name is not characterised by that elegance and accuracy 
which distinguishes tlie works of the author of ” The Elements 
of Geometry.” 

In mentioning the names of some of the most celebrated 
ancient philosophers who were acquainted with the reflexion of 
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light, we cannot omit that of Archimedes ; for his huming- 
mirrors will never be forgotten as long as science is esteemed by 
men. Some writers in modem times have treated the story as 
a fable; but the united testimony of Lucian, Eustathius, 
Zonaras, and others, is sufficient evidence to remove the most 
scrupulous doubts. An ancient historian says, “When the 
fleet of Marcellas w^as within bow-shot, the old man, Archi- 
medes, brought an hexagonal mirmr, which he had previously 
prepared ; and at a pro])er distance from this he placed other 
small miiTors of the same kind, made to move in directions 
on hinges, the which, when placed in the sun s rays, he directed 
towards the Roman fleet, and reduced it to ashes.*' Eustathius, 
the Archbishop of Tliessalonica, in liis commentary on Homer s 
Iliad, says, “ Archimedes by means of a reflecting mirror burned 
a Roman fleet at the distance of a bow-shot." If any other 
evidence were necessary" to prove that Arcliimedcs did that 
which is attributed to him, the testimony of Zonaras, the histo- 
rian, might be adduced, who informs us that Proclus, in imita- 
tion of what Archimedes had done at Syracuse, burned the fleet 
of Vittelion at the siege of Constantinople ; and that the instru- 
ment employed was a reflecting-mirror, composed of twenty- 
four small plane reflectors, which, directing the rays of the sun 
to one point, excited an intense heat. 

But if we had no written evidence of the attention pmd by 
the ancient philosophers to the phenomenon of reflexion, it 
would be imi)08sible to suppose the early inhabitants of the 
earth to have been unacquainted with the fact. If they had 
been unattracted by every other naturfd appearance, they could 
not have failed to observe the rising and setting sun reflected 
from the peaceful bosom of lakes, rivers and the ocean. 

The effects produced upon light by reflexion from the surface 
of bodies, dcjiend upon the fonnof the surface from which they 
are reflected. There is, however, one general law by whicli the 
result is always governed, for although parallel irays felling 
upon a concave surface are converged, and upon a convex surfece 
diveiiged, yet in every case the angle of reflexion is equal to the 
angle of incidence* To prove this statement we must refer 
to a mathematical diagram. Let A B G be the direction in 
which a ray of light is moving, and C D a plane mirror by 
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which it is stopped and reflected, it will pass off in the direction 
B F, and the angle ABE, which is the angle of incidence, will 

be equal to the angle E B 
F, which is the angle of 
reflexion. But if a ray 
should fall upon the mirror 
in a direction perpendicular 
to the reflecting surface, it 
will be thrown back in the 
same line as that in which 
it came. 

REFRACTION. 

The phenomenon of re- 
fraction, or the influence of 
transparent bodies in bending the rays of light from their usual 
direction, must have been observed as early as those apparances 
which result from reflexion. The bent or broken appearance 
of a stick or the stem of a plant when plunged into water, must 
have been frequently noticed, and it is possible that the whole 
science of dioptrics may have arisen from this observation. 

IFlien light passes througli a transparent medium it is bent, 
or refracted, from its rectilinear path, the amount of refraction 
being always governed by the nature of the substance. There 
are some bodies that refract more than others, but still there is 
a general law which holds good in every case in relation to the 
same medium. Alcohol refracts light more than water, oil more 
than alcohol, and glass more than oil. But on whatever medium 
a ray of light may fall, there is a constant relation l>etween the 
sine of the angle of incidence and the sine of the angle of refrac- 
tion, This law may bo otherwise expressed in the following 
manner ; when any tw'o rays of light fall upon the same medium 
at different angles of incidence, the sines of the arigles of refrac- 
tion will have a constant proportion to the sines of their 
respective angles of incidence. 

Let A B be the surface of a medium liaving a greater density 
than that by which it is 8uperj)osed ; and let C D, H D, be two 
incident i*ays, and D F, D E, their respective refracted rays ; 
g C and h II, are the sines of the angles of incidence, and e B, 
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/ F, are the sines of the angles of refraction. Now, it may be 

proved by experiment that there 
is a constant relation between 
the sines of the angles of refrac- 
tion, and the sines of the angles 
of incidence. The propoilion 
H in water is as 1*336 to 1, and 
whether the ray has the direc- 
tion C D, H D, or any other, 
it will remain constant ; g C, 
will have that relation to e E, 
and ft H to / F. 

GENERAL EFl^'ECTS OF REFLEXION AND REFRACTION. 

All the effects produced upon light by its passage through 
gases, liquids, and lenses, are to be traced to the existence of this 
law. In some cases parallel rays are converged, and in others 
diverged, but the student may always determine what effect will 
be produced by a consideration of the fundamental law, at the 
same time bearing in remembrance that when light passes out 
of a rare into a dense medium, as from air to w*ater, the angle of 
incidence is greater than the angle of refraction ; but when out 
of a dense into a rare medium, as from water to air, the angle 
of incidence is less than the angle of i-efraction. 

There are many phenomena in external nature which result 
from the reflexion of light ; for nearly all substances reflect 
a portion of the light which falls upon them. Rocks possess this 
power in a gi'eater or less degree. I'he intensity of the reflected 
light from chalk, and from some limestones and sandstones, is, 
in an unclouded summer s day, too intense for tlie eye to bear 
without pain ; but thei*e are other rocks which evidently stifle 
nearly all the light incident on their suifrices. In some districts 
the intensity of the light may be evidently traced to terrestnal 
reflexion. 

The atmosphere and clouds, also, have some influence in pro- 
ducing the present illuminated condition of the earth a surface. 
If there were no atmosphere the solar light could only illuminate 
that spot on which it actually fell, and all beyond it would be 
enveloped in impenetrable gloom, for the straying rays reflected 
by terrestrial substances could only throw an uncertain %ht 
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around the edge of the spot on which they fell ; but by the 
diversion of the solar rays, in consequence of repeated atmo- 
spheric reflexion, the light is scattered abroad, the gloom which 
would have been otherwise produced is dissipated, and Nature 
is beheld in all her most splendid tints. 

But as heat is blended with light, so this repeated reflexion 
must tend to raise the temperature of the atmosphere, which, in 
some castes, acts as a conductor, and heat is carried from clime to 
dime on the wings of the wind. The tempemture of a mass of 
air resting upon a spot of the earth’s surface is partly regulated 
by the amount of reflected light wliich it receives, for calorific 
rays are blended with the luminous, and are equally capable of 
reflexion. 

Many of the phenomena mtnessed around and above us are 
the results of refraction. The earth is surrounded by an ocean 
of gas, in w'hich it is, as it were, floating ; and this body of 

elastic fluid has a great 
effect upon light, bend- 
ing tlie rays out of their 
coarse, and causing all 
celestial phenomena, and 
sometimes terrestrial bo. 
dies, to apj)ear in a false 
situation. This effect 
would Ikj produced if the 
atmosphere had an uni- 
form density through- 
out, but its density increases with its nearness to the surface of 
the eai-th, and consequently a ray of light is more and more 
refracted from the moment it enters the atmosphere until it 
reaches the earth. 

Let 8 8 represent the surface of the earth, and a b c successive 
layers of the atmosphere, the lowest being the most dense ; and 
let R E be the direction in which a ray of liglit from a star 
would pass to the earth, if there were no atmosphere ; but in 
consequence of its having to move through the air it is bent out 
of its course into a curvilinear path, and, instead of reaching the 
eye of an observer situated at E, strikes upon the point O. But 
an observer situated at O would not see the star in its real posi- 
tion ; for it is a law in optics that an object is seen in the direc- 
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tion of the ray at the moment it enters the eye, and therefore 
the object will appear to be situated at a greater height than it 
really is, as at r, and this is the constant effect of atmospheric 
refraction. The same cause will also explain the statement 
frequently made, that a celestial body may be seen for some 
time after it has descended beneath the horizon ; for the rays of 
light proceeding from it, entering the atmosphere, are refracted, 
and meet the eye of the observer in such a direction as brings 
into sight bodies which are considerably below his horizon. 
The amount of refraction increases from the zenith to the 
horizon, being at the latter equal to about 33', a quantity very 
appreciable. 

The direct benehc’^ effect of this atmospheric refraction is to 
lengthen the duration of celestial light, by prolonging the 
activity of the sun and moon. But the deceptive position it 
gives to celestial phenomena has a tendency to derange the 
calculations of astronomers. Tables have been formed by which 
the error may be in part corrected ; but it may be doubted 
whether the tables themselves arc in all cases adequate for this 
purpose. It may appear a simple problem to determine the 
variable amount of refraction from the zenith to the horizon, 
but there are many difficulties connected with the investigation. 
The amount of refraction depends upon the density, and the 
density is variable, for, though it decreases with its height above 
the earth s surface, yet the amount of its decrease is not accu- 
rately known, being subject to those changes which are produced 
by a local or general alteration of temperature. But this is not 
the only cause which affects the amount of refraction, for the 
atmosphere is unequally loaded with vapour at different times, 
and the presence and quantity of the vapour altei’s the refract- 
ing power of the atmosphere. 

TWILIGHT. 

Twilight is a phenomenon produced by reflexion. When 
the sun has descended so low beneath the horizon as to give no 
opportunity for the influence of direct rays by refraction, the 
solar beams passing over the earth's surface strike upon the 
atmosphere, or the douds which float in it, and are reflected 
downwards, proditciiog that secondary illumination called twi- 
light. Such, at least, is the explanation which may be g^ven 
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upon the admission of the materiality of the agent. Upon this 
subject we must be silent, for it is useless to contradict that 
which cannot be disproved ; but it may be remarked that, if 
light be an inconceivably minute ethereal fluid, such as the 
advocates of the theory maintain, there is nothing remarkable 
in the circumstance that tlie air itself should be able to oppose 
its progress, reflect it, and illuminate the earth's surface with 
its indirect j*ays. 

Sir John Herscb ell's demonstration of this phenomenon is so 
simple and complete that we may be permitted to quote it : — 
Let A B C D be the earth : A is a point on its surface, where 
tlie sun S is in the act of setting ; its last lower ray SAM, just 
grazing the surface at A, while its superior rays S N, S O, 
traversing the atmosphere above A without strikiug the earth, 
leaving it finally at tlie points P Q 11, after being more or less 
bent in passing through it, the lower most, tlie higher less, and 
that wliich, like S K O, merely grazes the exterior limit of the 
atmosphere, not at all. Let us consider A B C D, each more 



remote than the 
last from A, 
and each more 
deeply involv- 
ed in the earth's 
shadow, which 
occupies the 
whole space 
from A, be- 
neath the lino 


A M. Now A just receives the sun's last direct ray, and 
besides, is illuminated by the whole reflective atmosphere, P 
Q R T. It therefore recxjives twilight from the whole sky. 
The point B, to which the sun has set, receives no direct solar 
light, nor any, direct or reflected, from all that part of its 
visible atmosphere which is below A P M ; hot from the len- 
ticular portion, P R X, which is traversed by the sun's rays, 
and which lies above the visible horizon B R of B, it receives a 


twilight, which is strongest at R, the point immediately below 
wldch tile sun is, and fades away gradually towards P, as the 
luminous part of the atmosphere thins off. At C, only the last 
or thmnest portion, P Q ir, of the lenticular sequent thus illu- 
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minated, lies above the horizon, C Q, of that place : here, then, 
the twilight is feeble, and confined to a small space in and near 
the horizon which the sun has quitted, while at D the twilight 
has ceased altogether ” 


MlUAGE. 

In consequence of the variable temperature of the atmo- 
sphere, it has different refractive powers, and this is the usual 
cause of that phenomenon called mirage. Light passing through 
a vacuum, or a medium of equal density, moves in right lines, 
but when it enters a medium of difFereiit densities, in curves. If 
a ray of light passes from an attenuated to a very dense medium, 
a portion of light will be reffected and a part refracted. These 
several causes acting upon light, bending and distorting its rays, 
produce a variety of singular optical deceptions, sometimes 
throwing the images of bodies upon dense clouds, and at other 
times investing terrestrial phenomena with uiuiatural and 
almost magical appearances. 

In all climates exposed to an extreme temperature, whether 
of heat or of cold, the results of uiUMiual refraction are observed. 
In the deserts of Africa the traveller is olten surrounded with 
appearances which cheer his droopiiig spirits, and excite the 
expectation of soon reaching a place wiiere he may rest himself 
under the shade of a verdant foliage, or bathe himself in cool 
streams and widely-expanded lakes ; but he gaztis on an airy 
vision, wiiich is less substantial than the morning cloud. And 
so the chilled traveller in arctic climes beholds before him 
mighty cities, with their battlements and towers, which, alas 1 
can give him no slielter, for they are but the distorted forms of 
the iceberg and the snow-capped pinnacles of barren rocks. 

M. Mongc, who accompanied the French army into Egypt, 
states, that in the desert betw^een Cairo and Alexandria, the 
image of the sky was so mingled w ith that of the sand, as to 
give the ajjpearance of a rich and fertile country. The travellers 
seemed to be surrounded with green islands and extensive lakes, 
together forming a beautiful landscape in the midst of a sandy 
plain. But in vain did the exhausted party press forward to 
reach this happy spot, for neither the islands nor the lakes w^ere 
there, nothing hut a continuation of the same heated desert over 
which they had passed so wearily. 

Br* Clai'ko observed a very similar appearance near Rosetta. 
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The city seemed to be surrounded with a beautiful sheet of 
water, and the Greek interpreter, who accompanied the traveller, 
could not be persuaded that the appearance was a delusion ; but 
they reached Rosetta without finding water, and when they 
looked back upon the countrj^ over which they had passed, it 
appeared as a vast blue lake. 

In more temperate climes this phenomenon is sometimes 
observed. Dr. Vince has given a description of an appearance 
of this kind, which he saw, in 1708, at Ramsgate. The top- 
mast of a ship approaching the shore was just seen above the 
water in the horizon, and immediately above it, in the sky, 
two images of the whole vessel, one erect and one inverted. 
But as the ship came into view the images became less distinct, 
though they were both visible after the ship had risen above 
the horizon. 

From the description already given of refraction it is easy to 
determine how a single upright image of a vessel below tlie 
horizon is formed, but it may not be so evident how the inverted 
image is produced. The sun is seen after it has descended 
beneath the horizon by ordinary refraction, or rather in conse- 
quence of the refraction of the atmosphere resulting from the 
common variation of density. But when a mass of air lias its 
density increased or diminished by local causes, then an uncom- 
mon refraction is the result, and the line in which the light 
moves being more convex than usual, the object is proportionally 
thrown upward, and an erect image may bo seen at a great 
apparent distance above the horizon. The inveiled image is 
produced by the crossing of the rays before they reach the 
eye; that is to say, tlie light from the hull of the vessel is so 
curved, that it crosses tliat which proceeds from the masts, and 
consequently the image is inverted. To produce this appear- 
ance, a peculiar condition of atmosphere is required, hut it 
is not necessary that we should enter upon this question at 
present. 

Many instances of the appearance of sliips in the air are upon 
record, but the images are generally described as being in an 
uprigtit position. Three persons have mentioned this pheno- 
menon, as seen in difierent places daring the year 1662. 

Dr. Vince also states, that he has seen at Ramsgate the four 
turrets of Dover Castle over a hill which entirely intercepts 
the direct view of that building. But the most remarkable 
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case mentioned by tliis eminent philosopher was that which he 
observed on the evening of the 6th of August 1806, when the 
image of the castle was so vividly projected on the Ramsgate 
side of the hill that the hill itself could not be observed through 
the image. 

The Brocken, a peak of the Hartz mountains, which rises to 
the height of about three thousand three hundred feet above 
the level of the sea, has been for centuries past the site of 
spectral appearances. M. Haile has, unfortxmately for the 
lovers of the marvellous, enabled the natural philosopher to 
explain the cause, and has thus divested the sight of all that 
interest which arises from a belief in supematural visitations. 
This philosoi)her had been long anxious to view the phenome- 
non, and had ascended the mountain many times for the pur- 
pose, but without success. On the 23rd of May, 1797, he was 
early on the summit of the mountain, for the purjiose of wit- 
nessing the sun rise. The sky was clear, and the rays of the 
morning sun were tinging the summit of the hills with their 
golden hue, when he saw on a cloud, in a direction opposite to 
that on Tvhich the sun rose, towards the Achtermanshoe, a 
gigantic human figure, with lus face towards him. While 
gazing on the prodigious spectre, with a feeling not free from 
terror, a sudden gust of wind threatened to blow away Iris hat, 
and lifting his hand to detain it, he saw the spectre mimic his 
action, which at once freed his mind from the terror that had 
already seized him. He then changed his attitude and place, 
and found that the figure followed his motions. M. Havie was 
then joined by a person who had accompanied him to the top 
of the mountain, when a second colossal spectre made its appear- 
ance, and soon afterward a third. The figures first seen ^vere 
evidently produced by the projection of the shadow of the two 
persons upon the clouds by the horizontal rays of the sun. The 
appearance of the third figure was nO doubt caused by the 
duplication of one of the figuies by the unequal refraction of 
the atmosphere. 

The fata morgana is another illustration of the same illusive 
appearance. This curious phenomenon is seen at the pharos 
of Messina, in Sicily, and has for centuries past been celebrated 
in the annals of superstition. A spectator, standing on an ele- 
vated place in the city of Reggio, commanding a view of the 
bay, with his back to the rising sun, may often observe, when 
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tho rays form an angle of about 45® with the horizon, the 
objects on the shores vividly painted on the surface of the water. 
Palaces, castles, towers, and arches, are distinctly reflected from 
the water as from a mirror ; and men, horses, and cattle, are 
seen rapidly passing from place to place, presenting together a 
beautiful picture, which the spectator gazes upon with a feeling 
of superstitious admiration. (See frontispiece.) 

Similar appearances have been frequently seen upon the lakes 
of Ireland, with all of which some legends are connected. The 
story of 0*Donoughoo, who haunts the beautiful lake of Killar- 
ney, is well known to those who are lovers of the marvellous. 
O’Donoughoo was a celebrated chieftain, who ]>osscssed the art 
of magic. Being strongly solicited by his lady to give her some 
proof of his skill, he assumed the shape of a demon, and her 
courage failing, he suffered for his temerity, and disappeared. 
Ever since he has been accustomed to ride over the lake, on a 
horse shod with silver, his punishment being to continue the 
monotonous exercise until the shoes are wont out. On the 
morning of the 1st of May, thousands assemble around the lake 
to see him ; and there can be no doubt that the figure, said to 
have been witnessed by credible travellers, is the shadow of a 
man on horseback riding upon the shore. 

Mr. Scoiesby has mentiom^d, in his Account of the Arctic 
Ilegions,” several curious instances of unusual refraction, 
obseiTod by him during his polar voyages. While sailing 
along the coast of Spitzbergen, with an easterly wind, he saw 
a singular transformation of the Foreland or Charles s Island, 
There seemed to be a mountain in the form of a slender monu- 
ment, and near it a prodigious and perfect arch, thro^^^l over a 
valley at least a league in breadth. I'liis scene, however, did 
not last long, but was presently followed by the appearance of 
castles, spires, towers, and battlements, which changed their 
forms so rapidly, that the metamorphos^^s seemed as though 
they were the work of an occult agent. Every object,” says 
Mr. Scoresby, “between the north-east and south-east points 
of the comjmss was more or less deformed by this peculiar 
1 'cfi‘action," 

At other times Mr. Scoresby observed similar results pro- 
duced, and, from the wdiole of his observations, he deduces 

I. That the effects of unusual refraction occur in the evening 
or night after a clear day. 
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2. That they are most frequent on the commencement or 
approach of easterly winds. 

3. That the mixture, near the surface of the land or sea, of 
two streams of air having different temperatures, and the irre- 
gular deposition of imperfectly condensed vapour, are the causes 
of these phenomena. 

COMPOSITION OF LIGHT. 

It might he supposed hy a person unacquainted with the 
facts which have been ascertained by ex})eriment, even by an 
intelligent observer, that solar light is a wliite, homogeneous 
substance. But it has been proved, both by analysis and syn- 
thesis, that it is composed of seven elements, if wo ma^^ so 
express ourselves, characterised hy different properties and 
colours. The colours of the elementary pans of solar light arc 
red, orange, yellow, green, blue, indigo, and violet. Now there 
are two ways in which this statement may be proved, that is 
to say, by refraction and by absorption, and of these we may 
s]>eak separately. 

DECOMPOSITION OF LIGHT BY REFB ACTION. 

Sir Isaac Newton discovered the composition of white light, 
and he employed the process of refraction. If a rny of solar 
light be admitted into a dark room, through a small hole in the 
window-shutter, or otherwise, it will pursue a rectilinear course, 
and a small round white spot will be formed at the opposite 
side of the room. But if a glass prism be placed between the 
shutter or sci'een and that side of the room on which the white 
spot is formed, in such a manner that the ray of light must pass 
through it, entering at one suiface and iminerging at the same 
angle from a second surface; then, judging from the laws of 
refraction, we might suppose that it would be bent out of its 
counse, and that the little white spot would be shifted to 
another place;' in fact, that an effect would be produced upon the 
light similar to that which is occasioned by its passage through 
air, water, and other transparent substances. But this is not 
tlie effect produced ; for instead of a small white spot, an oblong 
image, called the solar spectrum, is formed, consisting of seven 
colours, in the following order: red, orange, yellow, green, blue, 
indigo, and violet. These colours may 1>c produced with great 
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brilliance, but not with equal brightness. It is extremely diffi- 
cult to determine the limits of the several colours, the grada- 
tions are so imperceptible from the union of one colour with 
another. 

This will perhaps be better understood by an explanation 
of the following diagram : a ray of light R R, admitted through 
a small aperture, H, into a dark room, may be supposed to fall, 
upon a screen, where it will form a white spot of nearly the 



same size as the aperture through which it is admitted. But 
let a glass prism, 6 c, be interposed between the aperture and 
the screen, and in such a position that the ray may fall on the 
surface h c, and emerge from the surface a c at equal angles, 
and the ray will l3e not only deflected, but decomposed, and a 
coloured image of the sun will be formed on the screen S S. 

Having ascertained that white light is capable of decomposi- 
tion, a new subject of inquiry is immediately suggested to the 
mind ; is it not possible that the component rays themselves 
may be compound, and that the same process which decomposed 
the white light may also decompose them ? Sir Isaac Newton 
made the exi>eriment, hut after examining each coloured ray, 
making them in their order to pass through a small hole in the 
screen and to fall upon a second prism placed behind it, he dis- 
covered that the colours could not be again decomposed, but 
obeyed the common law of refraction, that which governs white 
light under ordinary circumstances. From these results it may 
be deduced, that the coloured rays resulting from the decom- 
position of wliite light are homogeneous, and they ore therefore 
called the primary colours ; while those which are formed by 
the combination of two or more primary rays are denominated 
secondary. 
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Only one thing is now necessary to fully prove the com- 
pound nature of white light, and that is to recompose the seven 
coloura, and to produce the original compound ray. To accom- 
plish this object, take a second prism made of the same kind of 
glass and having the same refracting angle, and place the two 
togetlier so that they may form a parallelograinic figure, and 
all the seven rays produced by analysis with the first prism wilJ 
be reunited and c()ml)iiied by the second, a single white spot 
being formed. In this experiment the separate results may 
be distinctly scon, the decomposition by the one and the com- 
position by the other. 

That the seven primitive colours produce white light may 
be proved by })aintiiig a circular board in sucli a manner as to 
represent the intensity and proportion of tlic seven colours, 
lichen this hoard is put into rapid I'evolution, the primitive 
colours are resolved into an almost pure white. 

l»E(.’0Ml*0SITlON OP LIGHT BY ABSORPTION. 

Having proved the compound nature of light, both by ana- 
lysis and synthesis, it will be only necessary to state that light 
may be decomposed by abaorj>tion. When light bills upon a 
transj>arcnt body, one poi*tiou is transmitted through it, another 
is dispersed by in'cgular reflexion, wliile a third is stopped, or 
absorlHjd by the substance itself. There are some substances 
that seem to give an equally ready passage to all the component 
rays of white light, wliilc others absorb some particular ray as 
though they had some powerful affinity for it. There are, 
however, no perfectly transparent bodies, as, on the other hand, 
tliere are none that do not possess the property in some degree ; 
both water and air, though they do not retard one ray more 
than another, absorb a portion of tlie light that enters them, and 
the densest metals may be beaten so thin os to give a passage to 
some poiiion of an incident ray. 

]\fany philosophers have entertained the opinion that only 
a part of the seven colours composing the prismatic spectrum 
are primitive. Dr. Wollaston maintained that there are only 
four primary colours, rod, green, hhie, and violet ; and Dr. 
Young enumerates three : red, yellow, and blue ; in which 
analysis Sir David Brewster coincides. The last mentioned phi- 
losopher has examined the spectra produced by various bodies, 
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and the changes they undergo when vie'wed through differently 
coloured media, and discovered that the colour of every part of 
the spectrum may be changed by the action of varying media. 
From his experiments generally, he deduces that the spectrum 
consists of three equal parts, which are severally red, yellow, 
and blue. 


COLOUR OF BODIES. 

Colour is not an inherent pTO])ei*ty of bodies, for any sub- 
stance may be made to impress the eye variably, according as 
it is placed in one or the other of the prismatic rays. A l>ody 
may he yellow in white light, but placed in the red rays it 
will be red, and in the violet it will be violet, a new colour 
resulting from a change of circumstance. It will therefore 
follow that the colour of any substance will be regulated by 
the colour of the ray that it reflects. From what has been 
said concerning absorption, it Avill be evident that this <h€*ory% 
pi’oj)osed by Newton, will, in many cases, readily account for 
the infinite variety of shades that are observed in nature and 
artificial objects, resulting from the intermixture of i*ays one 
wdth another, in all possible proportions. But this theory can 
he only applied to one class of phenomena, and does not at all 
aid us in explaining the colours of fluids and transparent 
solids. In some instani^ee colour is produccnl by the jicculiar 
propeiiics which the bodies liave of stifling or absorbing certain 
rays, while they admit the passage of others without exerting 
any detaining influence upon them. But whether colour be 
produced during the process of reflexion or refraction, the 
result being in some cases dcfiendent on the one, and in some on 
the other, w'e cannot hut admire the great variety of appear- 
ances that are produced by comjiaratively simple means, 'fhe 
ever- varying tints of leaves and of flowers, of feathers and of 
fui-8, might w^ell be supposed to result from a complication of 
causes almost l)eyond the reach of human ingenuity to discover, 
and yet we may account for all that wc sec when we know the 
principles of reflexion, refraction, and absorption. Water and 
air in small quantities are white, because they absorb all the 
rays equally, and yet transmit a laige portion of each ; coal is 
black, l^ecause it stifles all the rays that impinge upon it. If 
the infinite variety of colour which we observe in nature did not 
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exist, then all the forms, however beautiful, which decorate the 
earth would lose their charm, and the eye would ever rest 
upon a dull monotonous scene incapable of exciting a single 
feeling of interest. 


COLOUR OF THE CI.OUD8. 

There is as much beauty of colouring in aerial as in terres- 
trial scenery. It is scarcely possible to trace the successions of 
colour in clouds, whether in the light and resplendent hues of 
the evening cirrus, or in the deep and sombre tints of the 
thi*eatemng cumulus ; but all the varied appearances they pre- 
sent are produced by the absorption, refraction, and reflexion 
of liglit. 

Light in its passage through the atmosphere is in part 
absorbed, and the amount transmitted is in some degrws 
governed by the density of the medium through which it passes, 
and hence it follows tliat when the rays of lig^ht impinge upon a 
thick cloud they are but feebly transmitted. It must have 
been observed that the edges of clouds are generally much more 
luminous than their centres, w^hich may be traced to the thin- 
ning of the body of vapour at its edges, so that we may often 
determine the comparative density of a cloud by its colour. 
This same cause, absorption, may influence the colour of clouds 
by the abstraction of a portion or the entii’e of one or more 
constituent rays. Atmospheric vapour may be variously con- 
stituted, and its effects on light may be different according to 
its character and mode of combination ; thus one cloud may 
absorb the blue and another the red rays, or such proportions of 
each may be successively taken away as shall produce a rapid 
and evanescent series of resplendent colours. We cannot deter- 
mine what those changes of constitution may be which assist 
in the production of all that variety of colouring and blending 
of shades which distinguish clouds ; but whatever may be the 
source of those changes which pass over the vapour itself, its 
action upon light may be traced to absorption. 

The position of clouds in relation to the sun has no small 
influence in occasioning those rapid changes of form and colour 
for which they are remarkable. The clouds, which at sunset 
may be absolutely drenched in golden hues, may have before 
■floated over the hemisphere as colourless and flaccid masses ; 
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yet we cannot watch a mass of vapour over the face of the 
celestial vault without observing the infinite variety of colours 
and shades which it assumes, as fickle, and frequently not less 
vivid, than the hues of the rainbow. 

The cirro-stratus is often marked with rich and even splendid 
colouring ; its crimsons, purples, and scarlets, are such as art 
cannot imitate. Mr, Howard states tlrnt he once saw the whole 
sky covered with cirri passing to ciiTo-stratus, and tinged with 
varied but most beautiful hues. We shall not readily forget 
the appearance of the same modification viewxd from a moun- 
tain summit on a summer evening. The broad mass of clond 
was as though dyed with the deepest crimson, wliile the cini 
pencilled upon the meridian graduated from a deep blue to a 
light red. (Plate V.) 


RAINBOW. 

Of all the natural appearances dependent on the action and 
conditions of light, the rainbow is the most beautiful and the 
most striking. Maurolycus, Baptista PortJi, and Antonio de 
Dominis, made observations upon it, and attempted to discover 
its cause, but Newton was the first who gave an entire and satis- 
factory explanation of tlie phenomenon. 

We have avoided as much as possible the very appearance of 
mathematical demonstration in the explanations we have given 
of natural phenomena, which may possibly have occasioned a 
want of pi'ocisioii in some parts of the work. Should we be 
charged with this fault, we may remind the critic that these 
pages have been written to implant or nourish a love of science 
in the minds of those who, from natural predilections or the 
force of habit, have devoted more time to the cultivation of the 
imagination than to the acquisition of philosophical knowledge 
—for those who have been accustomed to think the pursuits of 
science derogatory to an intellectual and poetical mind. We 
cannot however explain tho formation of the rainbow without 
reference to a diagram, which may, perhaps, too forcibly remind 
some of our readers of a mathematical demonstration. 

The rainbow is always seen in that part of the sky opposite to 
the sun. There are, however, two hows, of which the interior 
is the stronger, being formed by one reflexion, while the exte- 
rior is produced by two, Supemnmeraiy bows have been occa- 
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sionally seen. The primary or inner bow, which is commonly 
seen alone, consists of arches of colour in the foUowing order, 
commencing with the innermost : violet, indigo, blue, green, 
yellow, orange, and red. These, as we have already stated, are 
the colours which form white light ; and we may be led to a 
suspicion of the cause of the rainbow by the fact, that they 
have the same proportion in the bow as in the prismatic spec- 
trum. The rainbow is in fact a numl>er of spectra produced by 
the reflexion of light from the falling drops of rain. 

The formation of the rainbow primarily depends upon the 
decomposition of white light by its passage through a globule of 
water ; after w'hich each ray is both reflected and refracted 
before it reaches the eye of an observer. Let a be a dmp of 
water, and S a beam of light, which when it falls upon the drop 

is refracted and decomposed into 
_ the primitive colours: on the 

/'f nT second surface the seveial rays 

flf j are reflected, and are then again 

refracted when they enter the 

atmosphere as a new medium. 
The same effect is produced when 
a glass globule is held between the eye and the sun, for a spec- 
trum will be seen i*eflected from the second surface of the globe. 
Supposing an infinite number of these globes to he between the 
sun and the observer, and to have every possible position in 
relation to the eye, their spectra would be united, and continu- 
ous lines of light, or a bow, would be produced. 

Let A B C I) bo drops of rain, and R A, R B, R C, R I>, 
be rays of light falling upon them. The light may fall upon 
D the drop in every pos- 


position, and the 
^ , effects produced 'will vary 

* according to the incidence 

^ they 

should fall upon the a^ds, 
mill ** trangmitted 

Slim ^5thc»«tw&aetion;ifi,ear 

'Ml II In to the axis cm either side, 

some point called a focus behind the drop ; those which fell 


mi WM ■ 
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near the top or bottom of the drop will be refracted, but falling 
very obliquely upon the second surface, will be reflected, as 
shown in the diagram, either once or twice, according to cir- 
cumstances, and after refraction be brought to the eye of the 
observer. 

^Vlien a ray of light falls upon the top of tlie drops and is 
reflected, as in A and B, it may be refracted and meet the eye 
of the obseiwer at O, or it may have a second reflexion and be 
thrown upwards. But when the ray falls u})on the under side, 
as in C and D, the ray usually meets the eye after the second 
reflexion, hut in consequence of tw^o reflexions and two refrac- 
tions, the violet will form the upper and the red the imder part 
of the spectnim. 

The lower bow A B is called the primary bow% and there is 
no doubt that it is produced by one reflexion and two refrac- 
tions, for by calculating the inclination of the red and violet 
rays to the incident rays R A, R B, it is found that the former 
is 42^* 2', the latter 40** 17', which gives I'’ 45' as the breadth of 
the bow', a result which agrees with observation. 

It is equally certain that the secondary bow C D is produced 
by tw’o reflexions and three refractions, for by computing the 
inclination of the red and the violet rays to the incident rays 
R C, R D, vre find it to lie 50° 58' for the red ray, and 54° 10' 
for the violet, leaving 3° 2' as the breadth of the bow. This 
result agrees with observation, and with the fact that its coloxirs 
are reversed, the violet forming the upper part of the bow\ 
The secondary bow is frequently seen without the primary", 
but it is not so vivid, in consequence of the light being twice 
reflected. 

Lunar rainbows have been occasionally seen, and are pro- 
duced by the rays of the moon falling upon drops of rain. Plot, 
in his histoiy of Oxfordshire, says that he observed one in 
1875, but it was without colour; and an appearance of the same 
character was witnessed by Mr. Tunstall, in tlie year 1782. 
The same gentleman observed another, a few months after, 
which had a singular variety of appearances. It was visible for 
about five hours, and during this time assumed many peculia- 
rities of form and colour. When it was first seen it was with- 
out colour, though the arch was strongly marked, but after a 
short time it began to assume the appearance of a solar bow. 
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and in about three hours was very brilliant. Soon after this the 
bow failed in the north-eastern limit, and the intensity of the 
colours decreased until at last they vanished. 

Anotlier account of the appearance of a lunar rainbow is 
given by an anonymous writer, which, however, we must refer 
to as one of the moat interesting and circumstantial accounts 
vrith which we are acquainted. Sunday evening,"' he 

says, “the I7th of August, after two days of rain, attended 
with thunder and lightning, about nine o'clock, twenty-three 
hours after full moon, looking through my window, I was 
struck with the appeaiunce of something in the sky, which 
seemed like a rainbow. Having never seen a rainbow by night, 
I thought it a very extraordinary phenomenon, and hastened to 
a place where there were no buildings to obstruct my view of 
the Jicmisphere ; here 1 found that the phenomenon was no 
other than a lunar rainbow ; the moon was truly ‘ walking in 
brightness,' brilliant as she could be ; not a cloud w^as to be 
seen near her, and over against her was a rainbow, a vast arch, 
perfect in all its parts, not interrupted or broken as rainlx)ws 
frequently are. Its colour was white, cloudy, or greyish, hut a 
part of its western leg seemed to cxliibit tints of a faint sickly 
green." 

Artificial rainbows are sometimes formed by the spmy of a 
waterfall, and by the rising mists from the surface of seas and 
oceans. Sir David Brewster states, that, in 1814, he saw at 
Benie a fog-bow, which resembled a nebulous aa-cb, in which 
the colours were invisible. 

Several writers have described tiie appearance of supernume- 
rary rainbows, tliat is, a succession of coloured arches, usually 
purple and green, within, and in immediate contact with, the 
primary bow. These are accounted for by Dr. Young, on the 
principle of interference. 


HALOES. 

There is another class of atmospheric phenomena exhibiting 
colour, to which wc must refer before we leave the subject of 
this chapter. The sun or moon does not var)^ either in form or 
in colour when the atmosphere is free from vapour and other 
extraneous 8ul)stances. But when a body of vapour intervenes 
between the luminaries and the earth, there is an apparent 
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alteration in both these particulars ; and many curious pheno- 
mena are produced according to the circumstances under which 
the cause operates. When the atmosphere is dry and arid, the 
sun appears to have a deep blood-red colour ; when it is loaded 
with vapour, he is shorn of the bright radiations wliich dazzle 
the eye of the observer, and presents an almost colourless disc. 
The passage of a light cloud over the face of either of the lumi- 
naries is sufficient to change their appearance, and frequently 
causes the formation of coloured rings around them. But the 
most singular effect is produced when the atmosphere contain^ 
small particles of ice, which, by numerous refractions and 
reflexions, have the power so to turn and contoi*t the rays of 
light as to produce the most complicated phenomena. All these 
several effects, from whatever cause they may proceed, are 
known under the general tenn lialo, but some pei*sons have 
thought it necessary to make a distinction between those 
phenomena whicli result from solar, and those which depend 
on lunar light : the former are called Parhelia, the latter, 
Paraseleme. 


CORONA. 

The haloes which are produced round the sun by the inter- 
vention of fleecy clouds liave been called corona?, and are pro- 
bably occasioned by the passage of light through very small 
drops of water, which is attended by the same results as when 
it passes through thick plates. Coronte round the sun ai’e best 
seen by reflexion from the surface f>f water, for the intensity of 
the beams prevents the observer from examining them without 
adopting some such means. Sir Isaac Newton was accustomed 
to make his observations in this manner. In one instance he 
observed the sun to be surrounded with three distinct rings ; 
and by adopting this method detected their colours, and mea- 
sured their diameters. The results he obtained are given in 
the following table : — « ^ 

1st ring, bin®, vhito, red, Dlaroetor, & (> 

2nd ring, purple, blue, green, pale yellow, red, Diameter, {> 

3rd ring, pale blue, pale red. Diameter, 12 

Haloes round the moon are sometimes very beautiful, gene- 
rally appearing as luminous white drdes, but at other times of 
a red or redish-green colour, W© have more than once ob- 
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served the corona to appear and disappear dming the walk of 
a few miles, according as we have been in or above the mists 
which have been rising from the low grounds. This singular 
fact nnght lead us to theorise upon the formation of this curious 
phenomenon ; but it may be doubted whether it is always 
produced by the same cause. Mariotte supposes coronae to be 
formed by the refraction of light by small prismatic crystals of 
ice descending through the air in every possible direction. This 
explanation may account for some of these appearances, but 
until the diameters of the coronsB can be determined, there will 
be no means of proving its accuracy. 

FARHEniA. 

Parhelia are images of the suu, which have the same 
apparent elevation as the sun itself. 

Captain Parry states that, when he was in the polar regions, 
he observed two parhelia, one of which was very bright and 
prismatic, being thrown upon a thick cloud ; the other scarcely 
perceptible, having a blue sky as its back-ground. To each of 
these mock suns, bright yellow hands of light were attached, as 
shown in the diagram. 



Parhelia are most frequent, and theirlight is most intense, when 
the sun is near the horizon : as it rises towards the meridian, 
the image invariably dies away, but sometimes re-appears as it 
descends. Instances of this kind prove that the cause is con- 
tinuous, and indeed it has been usudly found, that when these 
mock suns make their appearance, they are not very quickly 
destroyed, for tlioy frequently continue in sight several hours. 
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Parhelia are not very uncommon in the polar regions, but by 
what means these images of the great luminary are projected 
upon the vapour which perhaps the sun itself has raised, as 
though to mock its shadowed glory, philosophers are by no 
means agreed ; but it is almost certain that the haloes on whicli 
they are formed are produced by refraction, either through 
liquids or icy particles. 

A remaikable instance of the exhibition of parhelia 
observed by Schemer, in 1630, w-liich, although it lias been 
quoted by Sir David Brewster and other WTitem on optics, it 
will be necessary to transcribe. 

The diameter of the circle, M Q N, next f o the sun, was 
about 45'’, and that of the circle, O R P, was about 92® 20' ; they 



were coloured like the primary rainbow, but the red was next 
tlie sun, and the other colours in the usual order. The breadths 
of all the arches were equal to one another, and about a third 
part less than the diameter of the sun, though I cannot but say 
that the whitish circle, O G P, parallel to the horizon, was 
rather broader than the rest. The two parhelia, M N, were 
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lively enoRgb, but the other two at O and P were not so brisk. 
M and N had a purple redness next the sun, and were white 
in the opposite parts ; O and P were all over white. They all 
differed in their durations, for P, which shone but seldom and 
faintly, vanished first of all, l)eing covered by a collection of 
pretty thick clouds. The parhelion O continued constant for 
a great while, though it was but faint. The two lateml parhe- 
lia M and N, were seen constantly for three hours together ; M 
was in a languishing state and died first, after several struggles, 
but N continued an hour after it at least. Though I did not 
see the last end of it, yet I am sure it was the only one that 
accompanied the true sun for a long time, having eswiped those 
clouds and vapours which extinguished the rest. However, it 
vanished at last, upon the fall of some showers. This pheno- 
menon was observed to last four hours and a half at least ; and 
since it appeared in perfection, w^hen I first saw it, I am per- 
suaded its whole duration might be above five hem's. 

“ The parhelia Q, R, were situated in a veitical plane pass- 
ing through the eye at and the sun at G, in which vertical 
the arches H H C and O P R either crossed or touched one 
another. These }mrhelia were sometimes brighter, sometimes 
fainter than the rest, but W'ere not so perfect in their sha{)e and 
white colour. They varied their magnitude and colour accord- 
ing to the diflerent temperature of the suu*s light at G, and the 
matter which receives it at Q and R ; and tlierefore their light 
and colour were almost always fiuctuating, and continued, as it 
were, in a perpetual conflict. J took particular notice that they 
appeared tilmost the first and last of the parhelia, excepting 
that of N. 

‘‘ The arches which composed the small halo M N next to the 
sun, seemed, to the eye, to compose a single circumference, but 
it was confused, and had unequal breadths ; nor did it con- 
stantly continue like itself, but was perpetually fluctuating. 
But in reality it consisted of the arches expressed in the figure, 
as 1 accurately observed for this very purpos^^. These arches 
cut each other in a point at Q, and there they formed a parhe- 
lion ; the parhelia M and N shining from the common intersec- 
tions of the inner halo, and the whitish circle O N M P.*’ 

Phenomena of the same kind are sometimes seen during the 
night as the effects of lunar light, and are called paraseien». 
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The most beautiful appearance of this kind which has been 
deaaibed, was that seen by Heveliiis, at Bantzic^ in 1600. 
When first observed, the moon was surrounded by a white 
circle, in w^hich there were two coloured paraseleuas opposite to 
each other. Another circle of light was afterwards formed, the 
lower line of the circumference touching the horizon, and 
invei-ted coloured arches appeared on the highest point of the 
circles. 

Captain Parry several times witnessed this phenomenon 
during his polar voyages. At one time he observed the moon 
to be suiTounded with a halo on which tla-ee luminous parase- 
lense w^ere formed, and on the following night the same appear- 
ance was observed, wdth the addition of stripes of white light, 
which gave it a resemblance to a cross. 

The natural phenomena which result from the action of light, 
are extremely complicated, and their explanation is frequently 
involved in difficulties. Our ignorance of the agent itself, and 
the impossibility of tracing the influence of those forces which 
act upon it, frequently prevent us from determining its precise 
operation in natural phenomena. There is no branch of philo- 
sophical knowledge so little studied, by those who have not 
devoted themselves to the investigation of the sciences, 
as the cause and effects of that principle called light. Sur- 
rounded with uncertainties, there may be some cause to fear 
that the explanations given in this chapter may be unsatistactoiy 
to the general ireader ; but if this should be the case, it ought 
to induce a further investigation of the subject, and not to 
repress an anxiety for a more accurate acquaintance with this 
interesting though subtle branch of natural philosophy. 
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PHENOMENA HEPENHENT ON THE DISTRIBUTION OF 
ELECTRICITY. 


Nature of Electricity ‘—How dcvoloixsd. — Effccte.— Identity of Electricity and 
tho Agent which produccH Lightning. — Franklin’s ExiHrimcnta.— Crosse’s 
Exjwrimonts. — Experiments. — Condition of a Thiindcr-Cloud.-— 
Effects of Lightning. — Pi eduction of Lightning. — Thunder-Clouds. — Light- 
ning Conductors. — FJectrical Condition of tho Atmosphere. — Aurora Bo- 
realis.— St. Elmo’s Light 

Our entire ignorance of that agent which we Call electricity 
may be urged os some excuse for the vague and unsatisfactory 
manner in which W’e are compelled to speak of all the natural 
phenomena tliat depend upon its accumulation and motion. 
There are some philosophers who attribute electrical pheno- 
mena to an exceedingly subtle fluid, w’hile others imagine that 
there are two such fluids; — some lielieve electricity to be a pro- 
perty of matter, and others identify it with giRvity. But w hat- 
ever opinion may be entertained concerning the agent, there is 
no doubt as to the means by wdiich it may be excited, the con- 
ditions it obeys, and the effect it produces. 

Supposing electricity to l>e present in a latent state in all 
matter, it may be disturbed by various means ; such as friction, 
chemical action, the contact and disunion of magnetic poles, the 
unequal circulation of heat through metals, and the muscular 
action of certain Ashes. The electricities derived from these 
several sources liave received different names, but are distin- 
guished from each otJier hy comparative rather than by absolute 
qualities, all producing the same effects, though not in an equal 
degree. A few general remarks seem to be necessary for an 
accurate ex|>lanation of the phenomena to wliich we must 
refer. 

When electricity is excited upon the surfistce of a substance, 
as always happens when two bodies, whatever their nature, are 
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rubbed together, it may be transferred, under particular cir- 
cumstances, from place to place, and even accumulated. But 
all bodies are not capable of conducting electiicity, for while 
some absolutely resist its progi’ess, there are others that give it 
an easy passage. Glass, the resins, and atmospheric air, are 
not conducting substances, while the metals, water, and aqueous 
vapour, transfer it with great facility. It might, therefore, be 
expected, that while the one class conducts electricity of the 
smallest possible intensity, the other can only transmit it 
when its resisting force is overpowered by the energy of the 
electric agent. 

According to some persons, there are two kinds of electricity, 
while others acknowledge the existence of hut one, though they 
admit its conditions may vary. Without attempting to prove 
or disprove either of tliese statements, it may be mentioned, 
that there is an evident difference of character according to the 
manner and circumstances under which the agent is produced. 
A substance charged with electricity derived from the excita- 
tion of glass, will attract one that is charged with the electricity 
of resin ; but if the two bodies be excited with the electricity 
of cither glass or resin, they will repel each other. Now if we 
consider that in one case the agent is in a positive, and in the 
other in a negative condition, the fact may be thus generally 
stated, that bodies in the same electric state repel each other, 
and in opposite states attract. 

The effects produced upon lK)dies by the passage of accumu- 
lated electricity through them, are various and important. 
When discharged through steel, it frequently induces the mag- 
netic property ; w-hen through magnets, it often destroys or dis- 
turbs their magnetism. The temperature of metals is raised 
when they are employed as conductors ; and if the size of the 
metallic substance be proportioned to the intensity of the elec- 
tne agent, fusion will l)e effected. Light is produced when 
electricity passes through elastic fluids, or liquids that have an 
inferior conducting power. Chemical effects, such as the com- 
position and decomposition of bodies, may, under certain cir- 
cumstances, result from the conduction of electricity. M'hcm 
the animal body is made the medium of transference^ muscular 
action of a more or less violent character is produced, and 
instances are ua record in which life has been destroyed. By 
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these effects, the presence of accumulated electricity is deter- 
mined, and when its quantity and intensity are not sufficient to 
produce them, the phenomena of attraction and repulsion never 
fail to give evidence of its presence. 

IDENTITY OF ELECTRICITY AND THE AGENT THAT PRODUCES 
LIGHTNING. 

The identity of agents is to be determined by the identity 
of their effects. Franklin seems to have recognised this prin- 
ciple ; for having observed that many of the effects produced by 
lightning were, in a lesser degree, occasioned by accumulated 
electricity as derived from the machine, he suspected that the 
agencies might differ in no other respect than in intensity. 
Among their many points of resemblance, he noticed that their 
motion from one irregular conductor to another is never in a 
right line ; that they always strike the highest bodies, pre- 
fen-ing those that are pointed and good conductors; that they 
ignite combustible substances; fuse the metals; affect magnetic 
polarity ; and destroy animal life. This similarity of effect 
might have been considered by some persons as a sufficient proof 
of the identity of electricity and the agent which produces light- 
ning. But Franklin was not satisfied with anything less than 
a demonstration, and resolved to bring his conjectures to the 
test of experiment as soon as the spire of the church at Phila- 
delphia, then building, should be finished. But it was not easy 
to wait with patience when so important a question w^as to be 
detennined, and he provided himself with other means of 
inquiry, which were so simple that they could only have been 
selected and adopted b}^ a truly philosophic mind. The instru- 
ment by which Franklin determined to investigate the nature 
of lightning w*as a common kite ; and he accortUngly prepared 
two cross sticks, over which he stretched a silk handkerchief, 
and with this ho acted the part of the fabled Prometheus. On 
the first approach of a thunder-cloud he prepared for his expe- 
riment ; but so apparently childish was his apparatus, and his 
hopes, that, with a modesty frequently the attribute of a great 
mind, be communicated his intentions only to his son, w’ho 
assisted him in the experiment. The kite was raised, and for 
some time no effect w^as produced ; but at last he saw^ that there 
was a bristling up and apparent repulsion between the loose 



162 KTR. Crosse's observations. 

threads of the hempen cord, and, shortly after, when the strings 
had been moistened by a showier of rain, he obtained sparks, 
and other appearances demonstrative of the presence of elec- 
tricity. In this way Franklin discovered tJie identity of the 
electricity of the machine and the agent which produces the 
phenomenon of lightning ; and in after experiments succeeded 
in obtaining by the latter all the effects which were then known 
to attend the progress of ordinary electricity. 

But although the honour of this discovery is universally 
given to Franklin, it is but due to MM. Dalibard and Deler to 
state, that they, having acquainted themselves with Franklin's 
hypothesis, made some experiments about the same time, and 
came to the same results as Franklin himself. 

It may be doubted whether any man lias formed a perfectly 
accurate estimate of the powers of the human mind. The 
opinions we entertain are in a great measure regulated by our 
mental peculiarities ; and the very existence of those elements 
that are called j)cculiarities, proves the supt^riority of one 
faculty over another ; which inequality reminds us of the 
weakness of the human mind while it displays its great- 
ness. The strong but sanguine mind may be accustomed 
to describe the human intellect in terms more suited to an 
uncontrolled and perfect spirit, than to mind under the in- 
fluence of a heavy incumbrance, and loaded with the principle 
of evil ; while another debases it by an estimate which only 
corresponds with that description which we might expect to 
belong to mortality itself. Yet, when we see man exercising a 
control over all material causes — drawing Heaven's fire from 
the clouds, and selecting nature’s agents to determine its mys- 
teries — and doing all tliis with the authority of reason, we can- 
not but feel conscious of our dignity as intellectual agents. 

Modem philosophers have, during the last few years, been 
much engaged in the study of the electrical phenomena of 
the atmosphere. IMr. Crosse, who is now well known to the 
public for his enthusiastic efforts for the advance of electrical 
science, and the curious discoveries he has made, was probably 
the first observer who performed any extensive experiments 
upon the electricity of the atmosphere. Franklin’s kite," 
says Mr. Crosse, in a letter to a friend, ‘‘ was well adapted 
to prove the identity of natural and artiftcial electricity ; Imt 
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»n apparatus calculated to render sensible not merely the larger 
occasional collections of this fluid, but to exhibit at all times, 
both day and night, the almost infinite variety of changes, both 
as respects their quality and quantity, which the atmosphere 
teems with, requires all the foresight and ingenuity which a 
man may possess : on the one hand, to avert the destructive 
effects which would result from a wrong direction of a stroke 
of lightning : and, on the other hand, to keep up a perfect 
insulation of the exploring wire ; more especially during a 
driving rain and fogs, and likewise under a heavy fall of snow. 
Great strength is also required to support the strain of the wire, 
as well as to resist the attacks of large birds, who fly uncon- 
sciously against it in the dusk, and to bear the numerous swal- 
lows who sport upon it in the day. The easiest possible mode 
of raising and lowering the wire must be resorted to, as well to 
repair any accidental fracture as to clear the insulators from 
spiders' webs and other insects, which destroy the insulation 
by filling up the insulated spaces." 

The exploring wiie of which Mr, Crosse speaks was of 
copper, a sixteenth of an inch in thickness, and was supported 
on masts from fifty to one hundred and ten feet in height. The 
wire was thus carried over his grounds to collect the electricity 
of the atmosphere ; but in one night nearly all the masts were 
destroyed by a violent hurricane. After this accident, Mr. 
Crosse made his masts about fifty feet in height, and fixed 
them by iron rings to stout trees. The rings on each tree were 
about ten feet apart, and through them the mast passed, resting 
on a stone on the ground. The length of the wire w^as at the 
same time shortened to eighteen hundred feet, wliich he was 
successful enough to keep strained without once breaking, and 
sufficiently insulated to show at all times the electricity of the 
atmosphere, both day and night." 

By a simple arrangement, the electricity collected by the 
exploring wires >va8 Ivrought into the room in which he made 
his expenments, and could either be quietly conveyed to the 
earth, or be made to exhibit itself by the phenomena which 
usually attend the motion of that fluid when set free from its 
immediate and natural combination with matter. Terrific as 
the effects sometimes appear, all danger is avoided by the adojv 
tion of the means which Mr. Cross© has used* ‘^You may, ' 

u 2 
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he says, sit securely^ sinile at the passing storm, and analyse 
while you smile. Almost eveiy experiment which has been 
performed at the prime conductor of an electrical machine have 
I performed with atmospherical conductors-^ — melted wires, 
chained batteries, decomposed fluids, &c. I have, however, 
been sometimes put to flight, by an explosive stream of fluid 
sufficient to charge the largest battery by contact, and continu- 
ing for hours, constantly changing from positive to negative, or 
the reverse. The terrific sound, and rattling of windows accom- 
jmnying this, has been awful beyond description. My funnels 
have been scorched, and the cement partially melted, but no 
accident has yet happened.” 

Similar experiments have been more recently performed by 
Mr. Weekes of Sandwich. This gentleman extended about 
three hundred and sixty-five yards of exploring wire over the 
town in which he resides, lliis wire was insulated at its two 
extremities ‘‘against the balls from which arise the vane- 
spindles of the two principal churches of the town, one hundred 
and thirty -six feet above a base line suj)j) 08 ed to be drawn 
between the two edifices. An intennediate station was supplied 
by an elevated chimney, “ near to which was tlie descending 
wire ” that conducted the electricity into the room appropriated 
to the experiments. 

On the 10th of September, 1840, Mr, Weekes had an oppor- 
tunity of observing the effects of atmospheric electricity 
a thunder-cloud, A few minutes before noon,*' he says, “ a 
stupendous, dense, and heavy-looking black cloud, having its 
edges remarkably depending and flocculent, advanced imme- 
diately over the line of wire, and commenced discharging its 
aqueous contents most furiously. This had no sooner obtained 
than a continuous torrent of sparks of the first magnitude 
formefl violently from the largo globular terminus of the atmo- 
spheric machine to the inferior receiving ball, attended by cor- 
responding sharp cracking explosions, each being equal to the 
report of a moderate-sijae pistol, and resembling in general 
effect the well-known running-fir© occasioned by the rapid dis- 
charge of a multiplicity of small fire-artns. With short inter- 
vals of a few minutes, as clouds of a similar character continued 
line of wire, these splendid phenomena recurred 
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afternoon. At one period, during this grand display, three dis- 
tinct flashes of lightning were observed in brief succession, and 
almost identically with the appearance of each flash, streams 
of brilliant Are, having most extraordinary intensity, ruined 
through the apparatus with a loud hissing sound, similar in its 
effects upon the auditory nerves to that which obtains when a 
considerable mass of red-hot iron is suddenly thrown into water. 
However, in one instance, the cloud from which the electrical 
discharge proceeded could not have been very near the line of 
our operative arrangements, as from five to six seconds were 
distinctly counted between each flash and tlie thunder which 
followed.” 

Mr. Weekes succeeded in performing with the atmospheric 
electricity, in the same manner as Mr. Crosse, many of the 
experiments which are commonly effected with the machine. 
Among other mechanical effects, he mentions the instantaneous 
passage of the fluid through thick folds of paper and layers of 
cardboard, as well as the piercing of thin and the breaking to 
fragments of thick plates of glass. Chemical effects of a most 
remarkable character, we are informed, were also obtained, but 
these have not yet l>een made known ; it is however understood 
that water was decomposed with great rapidity. The latter 
experiment was attempted by Mr. Barry with electricity col- 
lected by a kite; but it has always been supposed that his 
apparatus was insufficient for this purpose, and that there must 
have been some error in his observations. With the machine 
electricians have been almost equally unsuccessful in their 
attempt to decompose water. Dr. Famday was the last person 
who made the experiment, and he says that, after working the 
machine for half an hour, he could' not obtain at either pole a 
bubble of gas larger than a small grain of sand. The circum-^ 
stance of obtaining the effect by atmospheric electricity is there- 
fore one of the greatest importance in the present state of the 
science. 

The experiments made by Mr. Crosse and Mr. Weeked 
have led them to an opinion of the formation of the thunder- 
cloud very different from that which was previously mmn- 
tained. “ What is called a thunder- cloud,” says the former, 
‘‘seems to me to be far from a mass of vapours electrified 
equally throughout its extent, but to consist of r^^ular < 
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trie circles, alternately positive and negative, having its centre 
eleotiihed with the contrary electricity to its circumference or 
edges. The electricity residing in the edge of the cloud is 
invariably weaker than that in the centre, which is diametri- 
cally opposite to the state of a charged insulated plate of metal, 
or more perfect conductor, in which the fluid is equally dif- 
fused as to its quality, but in which the gi*eater quantity is 
condensed at the circumference. I have known one of these 
clouds to alter the electricity of the wire eighteen times in 
tliree minutes, invariably increasing in power till the centre of 
the cloud has passed over the wii*e, and invariably decreasing 
afterwards.” Mr. Weekes also observed, during his experi- 
ments, that the electricity frequently changed from one state 
to the other, as though a series of highly-charged zones, alter- 
nately positive and negative, were passed over the apparatus. 

EFFECTS OF LIGHTNING. 

The most disastrous effects are frequently produced by the 
transmission of accumulated atmospheric electricity ; and nume- 
rous instances are upon record. It seems to be the property 
of electricity to follow a good conductor, and it will in some 
instances make an eccentric course in order to be transferred by 
particular substances. When this agent passes through bodies 
that offer but little resistance to its progress, no mechanical 
effects are produced upon them, except in those instances where 
the dimensions of the conductor are too small to convey the 
accumulated fluid. In one or two instances in which houses 
have been struck by lightning, the electricity has been con- 
ducted away by the bell-wires — ^for metals are good conductors; 
hut on account of the smallness of the wires compared with the 
intensity of the agent, they have been fused in the act of trans- 
ference, This choice of conductors is also proved by a fact that 
must be well known to foresters, that, although the oak is fre- 
quently struck with lightning, the beech is seldom scathed, and 
perhaps never, when the royal tree is near to the direction in 
which the electricity is moving. Human life is frequently de- 
stroyed by lightning, buildings are inflamed, rocks are fissured, 
and the forest tree is dismembered or cleft; but its agency is 
still more terrible on the broad bosom of the ocean, where the 
majestic vessel is alone expoasd to its fury. We are not gene- 
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rally acquainted with the frequency of those disasters at sea, 
which result from the electric agent, for but few are recorded 
in the pages of our philosophical jounials* One or two instances, 
however, may be cited. It is stated by an anonymous writer 
in the Philosophical Journal^ that at Port Mahon, on hoard of a 
seveniy-four'gun ship, he saw fifteen men on tlie bowsprit and 
jib-boom struck by a flash of lightning, some of whom v»rei'e 
killed and others dreadfully scorched. The same writer states, 
that, in 1811, the Kent, a seventy-gun ship, then off Toulon, 
was struck with lightning : the main and inizen masts were 
shattered from the trunk downwards, and several of the men 
then on the yards wx*re sciverely injured. 

If the phenomenon of lightning were free from danger, and 
the mind from an almost instinctive dread of its effects, every 
lover of the sublime in nature might be allowed to feel some 
anxiety to behold a thunder-storm at sea. The mind of man is 
not insensible to the evidence of a supreme power as displayed 
iu nature, hut while, in some instances, it dwells upon the con- 
sideration of the benign and salutary influence of material 
creation, it cannot, at other times, escape the feeling that an 
omniscient and omnipotent Spirit, capable of displeasure as well as 
complacency, exercises control over all- The earthquake and 
volcano, the hurricane and the tempest, might be sufficient to 
prove this; but no teiTostrial phenomenon can impress the mind 
with the same reverential awe and consciousness of dependence 
as a thunder-storm at sea. But habit reconciles us to the most 
appalling appearances, and the man who has crouched with 
humble and reverential feeling under this demonstration of 
Almighty power may acquire confidence by repeatedly witness- 
ing the same phenomenon, and at last, when liis mind has been 
divested of terror, he may delight to watch the broad flash 
of the electric light, and listen with a sensation not devoid of 
pleasure to the reiterated peal of the thunder. 

Dr. Tilesius lias given, in a continental journal, an account 
of some very curious effects produced upon the human body by 
atmospheric electricity. As two carts were passing through a 
wood they were struck by lightning, which was conveyed from 
one to the other, more or less affecting the persons who were in 
them ; one of the horses was killed upon the spot, and in the 
cart which it drew a perforation was made nearly six inches in 



168 


DEATH OP PROFESSOR RIOHMAN. 


diameter. Both tiie persons in the cart were also struck. One 
of them received so violent a blow that he was thrown to some 
distance, and remained senseless for a time ; but received no 
peinnanent injury. The other person was killed on the 8j>ot ; 
and when the body was examined it was found to bear the 
marks of the electricity. The arms and hands were furrowed 
to the bone ; the sleeves of the coat and shirt were torn ; yet 
neither the skin or the clothes bore marks of burning, but 
appeared as though they had been torn by the rapid passage of 
a sharp point. The two persons in the other cart were seriously 
injured, but soon recovered ; though they appear to have after- 
wards suffered mider a drowsiness and lassitude which they had 
never before experienced. But the most singular circumstance 
in a physiological point of view is, that one of these persons was 
perfectly deaf at the time of the accident, but the electricity, 
in passing through his body, scratched the inner part of the 
ear, near the tragus and antihelix, and on the following day he 
recovered his hearing. 

It is not, perhaps, uncommon for electricity to produce a 
decidedly medical effect in those instances where its intensity 
or quantity is not sufficient to destroy life. This may he either 
injurious or beneficial, according to circumstances. Professor 
Olmsteci, of North Carolina, has given an account, in the Ame- 
rican Journal of Science, of the removal of a paralytic affection 
by a stroke of lightning. The individual had been attacked 
with a paralytic affection in the face, which had chiefly settled 
in the eye. During a thunder-storm he w’as struck with light- 
ning, and for a time lost his senses and the use of his limbs ; 
but on the following day he was so far recovered that he was 
able to write an account of the accident, and had perfectly 
recovered his sight, though his hearing had been somewhat 
impaired. 

It is not perha|>» necessary that any other instances of death 
from the passage of atmospheric electricity through the animal 
body should be adduced, but we can scarcely be permitted to 
omit a notice of the unfortunate accident which attended some 
experiments made by Professor Richman, of Bt. Petersburgh, 
more particularly as it may serve to demonstrate the necessity 
of great care when we attempt to guide or control so mighty an 
agent as atmospheric electricity. The Professor had erected an 
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apparatus for the purpose of bringing atmospheric electricity 
into his study, wishing to make some experiments with it; 
and, in order to prevent accident, he attached to his apparatus 
an instruineut to measure the quantity of the electricity that 
was present. On tlie 9th of August, 1753, he was making 
some experiments with Mr. Solokow, when stooping down to 
examine the instrument, he was struck on the head by the 
electricity, and instantly killed. From the surgical examina- 
tion it appeared, that the electricity entered the forehead, and 
passing through the body escaped from the left foot, the shoe 
being burst open. Mr. Solokow% the attendant, was much hurt, 
and the room bore marks of the passage of the fluid, the door- 
case being split, and the door itself, tom from its hinges, being 
thro\Mi to some distance. 

The loss of life by atmospheric electricity has, in most 
instances, resulted from a want of care, either arising from 
ignorance or temerity. It is exceedingly unsafe to stand during 
a thunder-storm beneath a tall tree, or by the side of a lofty 
building ; and there are oth(‘r precautions which a knowledge 
of the laws of electricity will suggest, and these should be 
attended to ; but there are some persons who indulge a fear 
during the presence of this phenomenon, as though God had no 
other agent of d obstruction in his poorer, and as if they were not 
enveloped with dangers arising from the construction of the 
human body as well as from external causes. The number of 
deaths by lightning bear but a small proportion to the number 
of thunder-storms, for w^hen the electricity passes from the 
clouds to the earth, it is generally conveyed at once to the 
earth itself. 

Rocks frequently bear tbe marks of a fusion that has resulted 
from electric action. Some years since, Dr. Fiedler brought to 
London some vitreous tubes that had been obtained in the plains 
of Silesia and Eastern Prussia ; one of which, found at Pader- 
bom, was forty feet long. These fulgorites, as they were called, 
were undoubtedly produced by the heating effects of atmosphe- 
ric electricity, and they were generally found to terminate in 
springs of w^ater. 
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CIRCUMSTANCES UNDER WmCH LIGHTNINO IS PRODUCED. 

Having ascertained tlio nature of that cause which produces 
the phenomenon of lightning, some hope may be entertained of 
discovering the manner in which it acts. From the elfects pro- 
duced by the passage of atmospheric electricity through animal 
bodies, it is quite certain that it is in an accumulated state ; 
nor is there much difficulty in ascertaining some of the causes 
which tend to produce an unequal distribution of the electric 
agent. We may suppose lightning to be produced under three 
different circumstances ; when the electricity passes from one 
cloud to another ; when from the clouds to the earth ; and 
when from tlie earth to the clouds. In the last two instances it 
may occasion the destructive effects to which we have referred ; 
in the first, its influence must be conlined to the aerial region in 
which it moves. 

When two clouds charged with opposite kinds of electricity, 
or, in other words, having opposite electric conditions, approach 
so near to each other as to enable the electricity to overcome the 
restraining, or coercive influence of the atmosphere, a discharge 
takes place, which produces a flash of lightorlightning. We may, 
in fact, compare the action of tw'o clouds or atmospheric strata, 
one in an overchaig:ed and one in an undercharged state, to that 
of a Leyden jar, the coatings of which are in opj>osite conditions. 
If the jar be chaig^ed with electricity beyond a certain tension, 
there wUl be a spontaneous discharge, the restraining influence 
of the glass or the air being too small to overcome the expan- 
sive force of the electricity. This is the condition under which 
lightning is produced in the atmosphere. The attractive power 
exerted by two clouds, one charged positively and the other 
negatively, must he active at a considerable distance, and this 
draws them towards each other with an accelerating force ; hut 
as soon as tliey have approached so near as to give the electricity 
an advantage over the constraining influence of the non-conduct- 
ing medium, atmospheric mr, a flash of lightning is produced. 
But this discharge is not sufficient to restore tlie electric equi- 
librium, and there will be succe^jive discharges, proportioned 
to the distance of the clouds from each other, until this effect 
has been produced. 

it sometimes happens that there is a passage of electricity 
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from the earth to the clouds, and lightning is then produced as 
in the discharge between two clouds. It is, however, quite im- 
possible to determine whether the electricity moves from the 
earth to the cloud, or from the cloud to the earth, for so great is 
its velocity, that there is no perceptible period of time between 
the commencement and the completion of its circuit. This 
statement is beautifully illustrated by an experiment that has 
been made by Professor Wheatstone. When a wheel is put 
into rapid rotation, the spokes will be absolutely invisible, on 
account of the velocity with which they are successively pre- 
sented to the eye. But, if the wheel should at this time be 
illuminated by a flash of lightning, the spokes w^ill for a moment 
he as distinct as though the wheel were at rest ; for, however 
rapid may be its motion, it is not able to move through a per- 
ceptible space during the presence of the light, so instantaneous 
is the progress of electricity. 

Many electricians imagine that the earth is always in the 
negative state, and that the electricity invariably passes to it 
from the clouds. Mr. Morgan, however, was of opinion, that 
the deficiency is never in the earth ; but we can find no reason, 
either from the experiments that have been made, or from 
legitimate deductions, for either of these opinions. It is quite 
possible, from all that has yet been ascertained, that the earth 
may be in either a positive or negative state, and that accumu- 
lated electricity may pass to and from it, and being conducted 
by bodies on the surface of the earth, influence them according 
to their nature, or the circumstances of the discharge. 


TUUK0ERCLOUDS. 

A thunder-storm may generally bo prognosticated by atmo- 
spheric appearances. A low dense cloud begins to form in 
some clear part of the atmosphere, and, rapidly increasing on 
its upper edge, spreads itself out in an arched form. A number 
of small ragged clouds, which may be said to resemble teioled 
flakes of cotton, then make their appearance, and, moving about 
in various directions, approach and recede from each other ; 
but at last accumulate, and coalesce with the clouds that flrjst 
appeared. The clouds then begin to thicken, and, moving 
about with great velocity, throw from point to point vivid 
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hashes of electricity, as the heralds of the approaching storm. 
(Plate 6, fig. 1.) 

The form and colour of the flash, as viewed from the earth, 
change in appearance according to circumstances. The density 
of the medium through which the electricity moves, and the 
nature of the substances from and to which it passes, arc pro- 
bably the governing causes. 

Thunder, that is the sound which attends the phenomenon 
of lightning, varies in intensity and character according to the 
height and extent of the electric clouds, and the physical pecu* 
liarities of the country in which it is heard. When the dis- 
charge is made from a cloud at a short distance from the earth, 
the hearer is startled hy a sudden crash, when far away he is 
surprised by a deep grumbling noise ; when it happens over a 
flat country, or a place where there are no objects to produce 
a reverberation, a scries of regular explosions, increasing or 
decreasing in intensity with the distance of the cloud, are 
heard ; when over a mountainous or broken district, successive 
claps, iiTegular both in time and intensity. 

The rolling of thunder is produced by the reverberation 
among the clouds. Arago and others, when making some expe- 
ments on the velocity of sound, observed that the explosion of 
their guns produced a single and sharp sound when the sky 
was perfectly clear ; but when encumbered with clouds, they 
were attended by a long-continued roll that mimicked 
thunder. 

To determine the distance of a thunder-storm, it is only 
necessary to ascertain the number of seconds which intervene 
between the sight of the lightning and hearing the sound, and 
these multiplied by 1090, the number of feet that sound travels 
in a second, will give, in feet, an approximate estimate of the 
distance of the electrified cloud from the place of observation. 

From a series of observations that have been made in Ger- 
many, it appears that the general direction of accumulated 
atmospheric electricity is fh>m west to east. It does, however, 
sometimes happen that bghtning rises in the north and south, 
hut this is comparatively seldom. Philosc^hers are not yet 
acquainted with any general principles by which they can 
explain these aingulaT dreumstanoes. 
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LIGHTNING CONDUCTORS. 

When Franklin ascertained the electrical origin of lightning, 
he immediately perceived that his discovery might be so 
applied as to decrease the danger resulting from the presence 
of a thunder-storm. He knew that electricity was readily 
conducted by metals, and that points transferred it with greater 
facility than blunt or rounded surfaces, and therefore propo.sed 
to attach pointed metallic conductors to buildings, as a security 
against the effects of lightning. The propriety of this invention 
is evident. When electricity passes from the clouds to the 
earth, some bodies transmit it readily, and others as by force. 
But if two substances of unequal conducting power be presented, 
the fluid will seize upon that w’hich is the best adapted for its 
transmission. Tlie metals are the best conductors : bricks and 
stones are among the worst ; electricity w ill therefore be trans- 
ferred by the former, w henever they are presented to it, and, by 
their presence, the building will be preserved from those effects 
which usually attend an electric stroke. From a consideration 
of these facts, w^e may imagine Franklin to have been directed 
to the propriety of ajq)lying metallic conductors to buildings. 
He proposed to fix a metallic rod in such a manner, that one 
end penetrating the earth for some distance, the opposite, or 
pointed end, might rise to the height of a few inches above the 
highest part of the building. No plan can be more simple or 
effective than this ; but there are some circumstances deduced 
from observation and experiment that are worthy of notice. 

The rods should, if possible, be made of that substance which 
transmits electricity most readily. Tlio usefulness of a light- 
ning conductor will always depend upon the superiority of its 
conducting power over that of the building it is intended to 
defend. Lead and copper are best able to transfer the electric 
agent ; but as the fusing point of lead is much lower than that 
of copper, the latter metal is always employed, and, in addition 
to this consideration, it is the better conductor. 

In several instances accidents have been produced by conduct- 
ing rods of insufficient diameter ; and it is equally dangerous to 
break their connexion, or, in otiier words, to erect one that is 
not perfectly uninterrupted. The latter statement is proved by 
the effect of electricity, %vhen it strikes an unprotected house, 
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flying from one conductor to another, destroying all that may 
oppose its progress. About the middle of the last century, the 
steeple of St. Bride's church, London, was struck with light- 
ning, and in consequence of the large quantity of iron-work that 
had been employed in its erection, the electricity was attracted 
from one part to another, and much damage was done. It 
appears to have entered the vane, and was quietly transferred 
by the shaft on which it was supported, but then darting 
towards some cross iron bars, and from thence to the iron 
cramps which had been used in its construction, shattered the 
stones as it passed along. 

ELECTRICAL CONDITION OF THE ATMOSPHERE. 

M. Monnier appears to have been the first person who 
observed that the electric excitement of the atmosphere is not 
confined to those periods when the phenomenon of lightning is 
observed. Sig. Beccaria afterwards examined this sulqect with 
great care, and is of opinion tliat clouds, rain, hail, and other 
meteorological phenomena are to be attributed to electricity. 
In support of this opinion he adduces several arguments, and, 
among others, states that the presence of thunder, lightning, 
rain, hail, snow, and wind, at the same moment, shows their 
connexion with a common cause. It is probable tliat Beccaria's 
opinion will be ultimately verified, but the reason he has oflpered 
is not sufficient to convince the sceptic, or to satisfy a philoso- 
phical mind. 

The electricity of the atmosphere is generally stronger in 
winter than in summer, and during the day than at night ; and 
in open and fine w'eather the air is generally in a positive state. 
The sources of atmospheric electricity cannot bo determined 
with great accuracy, but it is probable that the overcharged 
condition of the air may be chiefly traced to the constant eva- 
poration which is going on from the surface of the eartli, a 
phenomenon wliich is always attended by the disengagement of 
electricity. It has been stated by M, Pouillet, that electricity 
is never given ofi* during evaporation, unless accompanied by 
chemical action ; but of this there is some doubt, though we 
cannot in this place meiiticSI those experiments which have 
led us to the conclusion. But, however this may Imj, it is 
admitted that a large amount of electricity is given off by the 



A.URORA BORRALIS. 


176 


evaporation which is going on from the surface of water, as 
well as by those numerous chemical changes which are so abun- 
dant in the terrestrial labomtory. These agencies are probably 
assisted by the influence of those unequal currents of heat which 
are circulating through the atmosphere, and by the friction of 
atmospheric strata moving in opposite directions, but it is, at 
present, quite impossible to assign to any cause its proportional 
effect in producing the electric condition of the atmosphere. 

AURORA BOREALIS. 

Although ^ve are not acquainted wnth the positive amount 
of influence exerted by the electric agent in the production or 
i-egulation of meteorological phenomena, there are some fevr 
appearances which may without doubt be attributed to its 
agency. One of the most common and beautiful of these is the 
Aurora Borealis, or the merry dancer, as it is called in the Shet- 
land isles. In Sweden, Lapland, and the polar regions, it is so 
constant during the long winter nights, that it frequently serves 
the traveller instead of the light of the moon. (Plate vi. fig. 2.) 

‘‘ In the north-eastern parts of Siberia,^* says Gmelin, “ these 
northern lights are observed to begin with single bright pillai^ 
rising in the north, and almost at the same time in the north- 
cast, which, gradually increasing, comprehend a large space of 
the heavens, rush about from place to place with incredible 
velocity, and finally almost cover the whole sky up to the 
xenith, and produce an appearance as if a vast tent w'as spread 
in the heavens, glittering with gold, rubies, and sapj^hire.’* 

The aurora is not a very common appearance in this country, 
but is generally seen in the spring and autumn seasons, and after 
a continuation of dry weather. That which has been so 
vividly and minutely described by Dr. Dalton, w^as, perhaps, 
the most splendid that ever illumined an English sky. “ Atten- 
tion was first excited by a remarkable red appearance of the 
clouds to the south, w hich afforded suflicient light to read by at 
eight o’clock in the evening, though there was no moon or light 
in the north. Some remarkable appearance being expected, a 
theodolite w^as placed to observe its altitude and bearing. ^ * 

From 9| to 10 p.m., there wtis alaige luminous horizontal arch 
to the southw^ard, almost exactly like those we see in the north, 
and there was one or more concentric arches northward. It was 
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particularly noticed that all the arches seemed exactly bisected 
by the plane of the magnetic meridian. At half- past ten o'clock 
streamers appeared very low in the S. E., miming to and fro 
from W, to E. ; they increased in number, and began to 
approach the zenith, apparently wdth an accelerated velocity, 
when all of a sudden the whole hemisphere W'as covered with 
them, and exhibited such an appearance as surpasses all descrip- 
tion. The intensity of the light, the prodigious number and 
volatility of the beams, the grand intermixture of all the primi- 
tive colours in their utmost splendour, variegating the glowing 
canopy with the most luxuriant and enchanting scenery, 
aiforded an awful, but, at the same time, a most fdeasing and 
sublime spectacle. Every one gazed with astonishment; but 
the uncommon grandeur of the scene only lasted one minute ; 
the variety of colours disappeared, and the beams lost their 
lateral motion, and were converted, as usual, into the flashing 
radiations ; but even then it surpassed all otiier apjicarances of 
the aurora, in that the w hole hemisphere w’its covered wuth it." 

The aurora is evidently an electrical phenomenon, and may 
be readily imitated by ordinary electricity, Mlien electricity 
is passed through a vacuum, beautiful streams of light are pro- 
duced, which vaiy in colour and intensity according to the 
amount of air contained in the tube. There is, how’ever, some 
connexion betw^een the magnetic poles of the earth and atmo- 
spheric electricity, but the nature of their influence on each 
other is not at present known. Dr. Faraday considers it pro- 
bable that the aurora is a luminous representation of electricity 
flowing from the equator to the poles for the restoration of 
electric equilibrium. But it is not as yet possible to say with 
certainty whether it is an occasional discharge, or a luminous 
representation of a constant stream of electricity. That it is a 
phenomenon occurring in a very attenuated atmosphere there 
can be no doubt, and that it is in someway connected with its 
temperature. In Siberia, one of the coldest inliabited coun- 
tries, the aurora is so brilliant as to sometimes excite the fears of 
those who arc accustomed to view it from night to night ; and 
it is w ell knovm that the electrical condition of the atmosphere 
is more decided in winter than in summer ; a circumstance that 
tends to support the opinion that the aurora is dependent on the 
temperature of the atmospheric strata in which k is produced. 
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ST. ELMO S LIGHT. 

St. Elmos light is a luminous meteor that frequently settles 
upon the mast-head of vessels, and is probably of electric origin, 
though it is never known to produce any of those disastrous 
effects which so often attend lightning. Sometimes it is confined 
to the mast-head, while at other times it gradually descends to 
the deck itself. It was formerly supposed by mariners to be a 
visible representation of a spirit they call St. Elmo, who is the 
tutelar deity of those who traverse the mighty deep, and lias a 
prophetic power. When it is confined to the to]>ma8t, it is a 
proof, in tlicir opinion, that they will experience bad weather, 
but that it will not continue, and cannot injure the vessel. 
But when it descends the mast, it prognosticates a disaster from 
a gal(‘ of wind, which will be more or less violent in proportion 
to the depth of its descent. 

This appearance may be readily explained upon the known 
facility with which a }K)mted conductor transfers electricity from 
a highly electrical atmi^phere ; and it is possible that it may, 
on philosophical principles, be considered as a prognosticator o* 
atmospheric changes, since the agent itself has an evident con- 
nexion with many meteorologioil effects which we at present 
find some difficulty in explaining. 

T)ie phenomenon observed by M. Allamand, in the Canton of 
Neufchatel, may probably be attributed to the same cause. As 
this gentleman w^as walking from Fleurier to Montiers, he was 
overtaken by a thunder-storm. Having closed liis umbrella, 
lest the electricity should be attracted by its metallic point, ho 
saw that the rim of his hat was surrounded by a broad band of 
light which became more intense when he passed his hand over 
it. This appearance vanished as soon as he came near to some 
tall trees, which in all probability conducted away the electri- 
city from the highly-excited atmosphere. 

Humboldt observed the St. Elmo light during one of his 
voyages, and we are always glad to avail ourselves of his 
descriptions. “ On observing the appearance of the masts, the 
main-topgallant mast-head from the truck for three feet down 
was perfectly env(doped in a cold blaze of pale phosphorus- 
looking light, conipletety embracing the circumference of the 
mast, and attended with a flitting or creeping motion, as exem- 



178 


GENERAL REMARKS. 


plified experimentally by the application of common phosphorus 
upon a board. The fore and mizen-topgallant mast-heads 
exhibited a similar appearance. This curious illumination con- 
tinued with undiminished intensity for eight or ten minutes, 
when becoming gradually fainter and less extensive, it finaUy 
disappeared after a duration of not less than half an hour.'* 

Philosophers know that in many instances occult, and appa- 
rently feeble, agents, arc productive of exceedingly important, 
if not the most violent effects. When we rub a piece of sealing- 
wax with a woollen cloth, and induce in it a property by which 
it is able to attract to itself any light substance that may be 
near, it is scarcely possible to imagine that the same agent 
governs the formation of clouds, and that the terrific stonn 
which seems to shake earth to its centre is but its effect. 

Of its nature we may be ignorant, yet it resides in all bodies, 
and its absence would probably be their destruction. There 
are, it is true, causes which disturb the equable distribution of 
electricity, accumulating it in one place and reducing it in 
another, but a conservative force exists, and lightning is but a 
demonstration of the activity of that force. The earth may 
rob the atmosphere, or the atmosjdiere may rob the earth, but 
these are means to produce an effect necessary for the susten- 
ance of the present terrestiial arrangements, and when this haa 
been accomplished, the equilibrium is again established. The 
changes which are constantly happening, and the want of perpe- 
tuity that characterises nearly all teiTestrial phenomena, are the 
elements by which the Creator sustains the frcslmess and vigour 
of a world destined to support and delight man and the inferior 
animals under his control. 



CHAVTER VII. 

PHE.NOMENA DEPBNUENT ON TERHESTRIAL MAGNETISM. 


The LoadKtone.—Magnotic Attraction. —Magnetic Induction. — Variation of the 
Magnetic Net^Jlc. — -annual Change of the Variation. — Diurnal (’harige of 
the Variation. — Tlio Dip. — Origin of Terrestrial Magnetism. 

Having described the natural phenomena which result from 
the agency of electricity, it may be well to make some allusion 
to those which depend on magnetism. Philosophers are as 
ignorant of the nature of the magnetic as they are of the electric 
principle, and they arc equally unacquainted with the origin of 
their influence upon, and relations to, each other. So far as 
observation has extended, there is no lack of evidence calculated 
to impress the inquirer with a lielief that these causes are inti- 
mately connected, if they be not in fact identical. But before 
we make any reference to the nature of the agent, it will be 
necessary to describe some of those effects by which its presence 
may always be determined. 

The fundamental principle of the science of magnetism is, 
that iron, and ferruginous bodies in general, in a particular 
state, have a directive power, one end pointing to a spot near 
the north pole of the earth, and the other to a conesponding 
point in the south. There seems, in fact, to be a peculiar affinity 
bet\veen the poles of the earth, or points near them, and the ends 
or poles of magnets. This attractive power is not confined, as 
might be supposed, to one pole, but is equally active in both ; 
and could we entirely neutralise the effect of one, the other 
would ]>e found sufficient to keep the magnet in its customary 
direction. 

That we may clearly explain the nature of this atti-active 
force, it will be necessary to refer to a few facts w’hich especially 
relate to artificial magnets. 



180 


DISCOVERY or THE MAONETIO PROPERTY. 


The magnetic power was first observed in a certain ore of 
iron. This magnetic iron ore appears to have been known from 
a very early age, but by what means it became known, or to 
whom the discovery is due, can only be a matter of conjecture, 
and fable in this instance as well as others supplies the place of 
truth. The Chinese lay claim to the merit of the discovery, 
and the Greeks induce us to favour their pretensions by pleas- 
ing the fancy with a beautiful fable. The loadstone, they say, 
was discovered by Magnese, a shepherd of Mount Ida, who 
found a piece attached to the iron of his crook, and from this 
circumstance, it is said, the ore derived its name. The Hindoos 
are not without pretensions to the honour, and support their 
right with reasons as feasible as those adduced by other nations. 
The influence of a magnet upon feiTuginous l>odics was probably 
known long before its directive power was discovered, which is 
to us its most important property. It Is generally supposed 
that John de Giova, a Neapolitan, ought to have the honour of 
the discovery, but Dr. Gilbert and others say that the compass 
was brought into Italy from China, by Paulus Venctus, in the 
year 1260. 

It is not at aU singular that there should be so much differ- 
ence of opinion upon a subject concerning which no authen- 
ticated evidence can be adduced. The magnetic principle of direc- 
tion may have been discovered in Asia, Africa, or Europe, for vari- 
ous nations lay claim to the honour, and each one has found an 
ad vocate among modem au thors. Europeans have been as anxious 
to establish a right to the discovery as other nations, and their 
anxiety has been probably increased by the knowledge that they 
have long possessed a monopoly of intellectual eneigy. It has 
l>een justly remarked by a celebrated vrriter on magnetism, that 
if the discovery can be attributed to Europeans, the Norwegians 
have the bi^st claim to it, not only from the character of their 
early enterprises, but also from the probability of their meeting 
with the ore among the rocks of their native country. This 
supposition is strengthened by the fact, that they were ac- 
quainted with the art of navigation long before other European 
nations, or were at least more practised seamen, and from the 
daring they evinced it may be supposed, without misapply- 
ing facts, that they were acquainted with the directive power 
of the matruet. It is, however a matter of little importance 
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whether the discovery was made in Europe, Asia, or Africa ; 
for although we should honour the memory of the discoverer, 
did we know his name, and perhaps speak of him as “ the 
immortal,’' yet his ear would be deaf to our admiration, and 
we should derive no practical advantage. 

The magnetic iron ore, or loadstone, consists of the protoxide 
and peroxide of iron, with a small proportion of silica and alu- 
mina. In the iron mines of Sweden and Norway it is very 
abundant, and is found in Arabia, Cliina, and other Asiatic 
countries. The appearance of the ore varies according to its 
composition. When two or more substances are chemically 
united together, the properties and appearances by which they 
are individually known arc generally lost, and the combination 
has characters peculiarly its own. The appearance of the 
magnetic iron ore is regulated, as might be anticipated, by 
the proportional quantities of the several mineral substances 
which compose it, though a practised mineralogist may gene- 
rally detect it by its dark grey colour and peculiar lustre. All 
iron ores are under the control of the magnetic principle, but 
lyhile some only obey its influence, others are the local habita- 
tion of the principle itself. All fen’uginous substances are 
attracted by the magnetic agent, but the magnetic iron ore pos- 
sesses in itself the attractive power. If there were but two 
specimens of iron ore— one magnetic, the other not — it would 
be impossible to determine which possessed the magnetic prin- 
ciple : as soon as they were brought within the sphere of attrac- 
tion they would be drawn towards each other; but there would 
be no means of determining which was the attractive and which 
the attracted. But supply us with a second magnet, or a 
fragment of iron, and this is easily determined. If we take the 
piece of iron and bring it near to the magnet, it is immediately 
attracted ; hut if it be brought into contact with the unmagnet- 
iscd iron, no such force will be in activity. If, instead of the 
piece of iron, we are fumirfied with a magnet, mi entirely dif- 
ferent course of phenomena will be presented. The unniag- 
netised ore will be attracted by it under all circumstances, in 
whatever manner it be presented ; but the magnetised ore will 
be sometimes attracted and sometimes repelled, and by this 
change of effect the magnetic principle is detected. 

It has been proved by Dr. Faraday that iron is the only 
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metal, with the exception of nickel, susceptible of magnetism. 
But the agent has an elective power, and is more condensed, if 
we may employ tlie expression, in that particular ore called the 
loadstone. Why it resides in this combination of substances in 
preference to all others, the philosopher has at present no means 
of determining. 

The mere existence of a magnetic iron ore would be of little 
importance, if tliere were no method of communicating it to 
other bodies. The process that would be required to reduce 
the magnetic ii*on ore into a shape suited for the purposes to 
which magnets are applied, would have a tendency to destroy 
the poAver itself, for both heat and hammering destroy magnet- 
ism. But the natural magnet or loadstone can communicate 
its peculiar properties to iron and other ferruginous substances. 
If a small piece of steel, as a sewing-needle, remain for a few 
minutes in contact with a loadstone, it will become a magnet, and 
if freely suspended upon its centre of gravity, will direct itself 
north and south in the same manner as the substance from Avhich 
it derives its power. Bars of steel may also be made magnetic 
by rubbing them with a loadstone or artificial magnet. The 
singular inductive power possessed by the magnetic principle 
gives great facilities of investigation, as the agent may be called 
into activity in any ferruginous body. W e might speculate as 
to the nature of this process, but there is an uncertainty con- 
nected with it which cannot be very easily removed. It is 
possible that the agent, whatever it may be, exists in ail ferni- 
ginous bodies, and that the directive power results from its 
accumulation and arrangement ; or it may be that it is actually 
communicated by one substance to another, a supposition, how- 
ever, not very probable, as from one magnet hundreds may be 
made, and the original magnet will be stronger after the process 
than before — circumstance which cannot be reconciled with 
the theory of communication. 

But there is another result peculiarly characteristic of mag- 
nets, or rather of the agent itself, and that is, the mutual 
attractive and repulsive power of magnetic poles. That end 
of a magnet which points to the northern hemisphere is called 
the north pole of the magnet, and that which is directed to the 
southern, the south. But it must not, from this, be supposed 
that the north polo of one magnet has an attraction for the 
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north pole of the other, for the reverse is true : poles of the 
same name repel, poles of opposite names attract. Acknow- 
ledging the accuracy of this law of the magnetic agent upon 
itself, it will follow that we have misnamed the poles of the 
needle. There can be no doubt that the force subsisting be- 
tween a magnet and the eartli resembles that wdiich is exerted 
between two magnets. It would, therefore, be more proper to 
leversc tlie names of the poles ; for as poles of opposite names 
attract each other, that which is directed to the north pole of 
the earth is the south pole of the compass. For some reasons 
the alteration of terms might even now be desirable ; but so 
many inconveniences arise from a change of nom(‘nclaturc, that 
it is more advant^igeous to keep an inaccurate term than to 
confuse facts by tlie adoption of a better, and especially when 
those terms are in common use among practical men. 

Those preliminary statements w’ill enable us to explain the 
action which subsists Ix^tween a magnet and the earth, and the 
variations to which the directive power is subject. The facts 
will perhaps be more intelligible if wc imagine the earth to be 
a magnet, or rather to enclose a magnet extending from north 
to soutli, having a revolution round a small circle in both hemi- 
spheres. But at the same time the reader must bear in iiiind 
tliat the hypothesis is only employed for the sake of illustration. 

The poles of a magnet freely sus|)ended do not point to the 
poles of the earth’s rotation, and hence we may deduce tlrat the 
poles of lutation and the terrestrial magnetic poles are not situ- 
ated in the same point. This circumstance may possibly have 
led the navigators, who fii-st employed the magnet to direct their 
course over unknown seas, into many errors ; and the inaccu- 
racies wdiich wo sometimes detect in their observations may 
frequently l>o traced to the same cause. But the variation and 
changes in the direction do not in any degree aifect the piuc- 
tical utility of the magnotic needle, when employed by the 
mariner to direct him from shorn to shore over known and 
unknown seas. 

The application of the directive power of magnets nas 
done more to extend our acquaintance with the geography 
of the earth and the condition of its inhabitants, to extend 
commerce, to promote manufactures, and to civilise mankind, 
than any other scientific fact. It is true tliat navigation in a 
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great degree depends upon astronomy, but it is scarcely possible 
to imagine how the sailor could dare a passage over the vast 
wild of waters had he not the compass as his director. The 
heavens covered from day to day with an imj>cnetrable curtain 
would be a chilling anticipation to the mariner, sufficient to 
quench the most enthusiastic ardour for discovery or com- 
merce ; but with the magnet he is comparatively safe, for 
though causes do exist by which the directive power may be 
destroyed, yet even the voyager may be put in j^ossession of 
means by wdiioh to restore it ; and it is a singular circumstance 
that the agent which destroys can also restore. Several instances 
have occun*ed in which vessels have been struck with lightning, 
and the passage of the electricity through the magnets has 
either destroyed or reversed their polarity. It is seldom that 
the mariner possesses the means of inducing again the same 
I)Ower ; but it is well known to the electrician that magnetism 
is produced by the passage of electricity through ferruginous 
substances. These acdldents however are by no means frequent ; 
their number bears no proportion to wliat might be anticipated 
from the frequency of electrical disturbance, and in no instiince 
has the spirit of discovery been retarded by the fear of acci- 
dents ; but with the compass in his hand man has traversed 
deserts and oceans, introduced civilization and the arts of life 
into the most inhospitable and barbarous climes, and established 
that communication between nations wliich must ultimately be 
productive of the greatest possible advantages to society at 
large. 

We are sometimes almost pei*suaded to believe that terres- 
trial magnetism was provided to facilitate the efforts of man in 
extending the beneheial influence of knowledge, and to encou- 
rage the feeling of curiosity by which he is so much governed in 
all his determinations and actions. That this was one of the 
motives which influenced, if we may so speak with reverence, the 
Eternal Mind, is probable, but we can asedgn no limit to the 
influence of the magnetic principle as developed on the surface 
of the earth. 

The view we are accustomed to take of material creation is so 
imperfect and conflned,that appearances seem entirely independ- 
ent the one of the other, and the system of the world to be, as 
it were, disjointed and broken. We ought to use our theoreti- 
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cal opinions as mirrors, not so much for ihe purpose of looking 
at them, as of discovering some other objects by their means. 
The Creator must regard the universe as a mighty indivi- 
duality, illustrating liis wisdom and power ; we see but a portion 
of it, and are compelled to divide and subdivide that which 
comes under our view, so that we are happy if "we can but 
ascertain the cause and relations of some one, and that perhaps 
an unimportant phenomenon. Ultimate principles are, we 
believe, entirely beyond our reach ; and the only reason we can 
give for the existence of the complex phenomena by whieli 
are suiTounded, is the will of an Almighty Mind to support the 
existence of animal life in a pleasurable condition. But when 
we look at the causes which are influential in the production of 
this result, we cannot but feel surprised at the means w^hich 
liave been employed for its accomplishment ; for although we 
perceive their adaptation to produce the result, yet they seem to 
act the one against the other, yet without interference, as though 
they had no other object than to prove the mutability of 
material existence. Destructive and conservative agents are 
everywhere acting in concert, and the removal of either would 
(jreate an inextricable confusion. 

POLARITY AND INDUCTION. 

From a very early age it was known that the natural magnet 
or loadstone lias the property of directing itself to the north and 
south poles of the earth, and from the writings of Plato w^e may 
judge that the ancients were not unacquainted with the fact that 
the same power may be communicated to bodies containing iron. 
Whether they were informed as to the conditions which are 
most advantageous for the I’eception of the magnetic power is 
doubtful ; but it is now well known that hardness is a property 
essentially necessary for permanent induction. Soft iron is 
strongly magnetised by mere contact with a magnet, but the 
moment the magnet is removed the property is lost. Steel also 
is magnetised under the same circumstances, but the induction 
is less rapid, though after a long contact it permanently ratains 
the communicated property and becomes a magnet. 
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VARIATION OP THE MAGNETIC NEEDLE. 

When a magnet is freely su8]iended in sueh a manner as to 
have the power of horizontal motion, it turns itself nearly north 
and south, and, if disturbed, returns, after a few oscillations, to 
the same position. There are sonic places where it points to 
the north and south poles of the earth, but in neai'ly all situa- 
tions it is directed, more or less, to the east or west of these 
poles : this deviation is called the variation of the compass, and 
ditfers in amount and direction according to the geographical 
jiosition of the place in which the experiment is made. 

The variation of the magnetic needle was not known for 
many centuries after the discovery of the directive power. No 
experiments of importance were made till the close of the six- 
teenth centur}', and yet it appeai-s probable that the simjde i\ici 
of variation was known as early as the y(*ar ('avallo has 

quoted from a letter, written by Peter Adsiger, dated the bth 
of August, 32G9, in which the variation is positively stated: — 
‘^Take notice that the stone, as well tis the needle that has 
been rubbed by it, does not point exactly to the poles, but that 
part of it which is reckoned to point to the south declines a 
little to the west, and that part which looks towards the north 
inclines as much to the east. The exact quantity of this de- 
clination I have found, after numerous experiments, to be five 
degrees. However, this declination is no obstacle to our guid- 
ance, because we make the needle itself decline from the true 
soutli by nearly one point and a half towards the west. A point, 
then, contains five degrees.*’ The authenticity of this letter has 
been doubted, and many arguments have been adduced to justify 
the scepticism. It is true that no notice was taken of this fact 
for two centuries after its assumed discovery, and this may 
appear singular in the present day to thow who do not know 
that even in this age of enlightened benevolence and disinterested 
zeal discoveries are too frequently estimated by the wealth and 
influence of the discoverer more than by their intrinsic value. 
But a graver charge has been pleaded. It is stated that, if the 
variation had been observed, it would, at the time mentioned, 
have been directed towards the west instead of the east. This 
argument is destroyed by another which has been considered by 
the same persons as conclusive against the claims of Adsiger to 
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the merit of the discovery. The instruments employed at the 
time liave been thought inadequate for the discovery of the fact, 
but we might say with greater propriety that the insuflBciency 
of the means accounts for the erroneous results. But it may 
be further stated that men do not usually fabricate for the pur- 
pose of deceiving, without having some interested motive. The 
acts of man must be considered in relation to the universal 
principles by whicli the human mind is governed. We do not 
feel inclined to dispute the adage, Man is a selfish being,'" 
though we cannot deny that many men desire to be actuated by 
disinterested motives. When individuals practise the arts of 
deception, they are invariably influenced by personal objects ; 
it would be absurd to suppose a man a deceiver for the public 
good, and it is almost impossible to imagine so violent a misan- 
thropy as that which would be displayed in an attempt to 
deceive with the purpose of producing a public evil. Men are 
not generally, if ever, governed by disinterested motives, but 
by those which flow from and discharge themselves into self. 
The depraved and vicious may delight in revenge or in rapine, 
but the detennination to indulge cither the one or the otlier bos 
never yet been prompted by any other than pei’sonal motives ; 
for while the one attempts to satisfy the malicious propensities, 
the other is dedicated to the demoniacal passions, pride and 
avarice. AVith these opinions, we cannot assent to tlie suppo- 
sition that the letter bearing the name of Peter Adsiger is the 
work of one who had no other desire than the deception of pos- 
terity. If it were possible to imagine a confinned misanthropist 
presenting himself to the world for the purpose of stating an 
important fact, that he might deceive all men as to the date of 
its discovery, then indeed we might agree with the disputants 
that the letter in question was unworthy credence, and that the 
fact stated was discovered at a period subsequent to the date 
recorded. But as we cannot assent to the premises, so we must 
be permitted to believe that the letter is not a fabrication, and 
that the variation of the needle was known as early as the 
thirteenth century. 

The lino which connects all those places together where the 
magnet has no variation is called the line of no variation. This 
line has no I'clation to those gi*eat circles which are called by 
the geographer meridians. It may be traced fi'om the nortli 
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From 1622 to 1773 it was only 8' ; from 1787 to 1795 it was 
5' ; from that time to 1802, only 1' 2" ; in 1818 it was reduced 
to zero. The law wliich governs these changes may bo deter- 
mined when a more extensive series of observations have been 
made. 


DIURNAL CHANGE IN THE VARIATION. 

The magnet is subject to a diurnal as well as an annual 
change of the variation. This was discovered by Graham, in 
the year 1772, tlie greatest westerly variation happening, as he 
supposed, about noon and the four following hours, the least 
about seven in the evening. More accurate observations were 
afterwards made by other experimenters, and the motion was 
found much more complex than was at first imagined. Com- 
mencing our observations at about seven or half-past seven 
o’clock in tlie morning, we observe the needle to have a slight 
westerly motion, which continues till about two o'clock in the 
afternoon. The direction of the motion is then changed, and 
the needle slowl 3 '^ retrogrades, and returns to the eastward until 
evening ; it then again takes a westerly direction, returning 
’ again during the niglit, or early in the morning. Its maximum 
easterly direction is about seven o’clock in the morning. This 
daily change of variation amounts at some periods of the year 
to 14' or Id', and is greater during the summer than the winter 
months, but in which month it is greatest has not been decided. 
Canton and VVargentin thought its maximum to be in the 
month of July ; but according to C'olonel Bcaufoy’s experi- 
ments, it is greatest in June and August, and in this gentle- 
man’s results we may place great dependence, from his known 
accuracy as well as from the time he continued to observe the 
phenomenon. 

From the moment tlxat the diurnal change in the variation 
was observed, it has been a favourite supposition that it has its 
origin in the action of solar heat ; but it is only since Oersted ’s 
cver-memorabJe experiments upon the influence of voltaic 
currents on the magnetic needle, and Sebcck’s discovery of the 
influence of heat in inducing electric action, that any well-founded 
theor}^ of magnetic action and of the phononomena resulting 
from it hiis been formed. But we shall hereafter have occa- 
sion to refer to the origin of terrestrial magnetism ; the diurnal 



PIURNAL CHANGE IN THE VARIATION. I9i 

variation is the present object of attention. If the unequal dis- 
tribution of heat through metallic bodies can cause the develop- 
ment of electric currents, then the eai^tli, — containing metallic as 
well as other substances, and being subject to a constant variation 
of temperature, in consequence of its diurnal and annual revo- 
lution, — must be in an unequal electric condition, and conduct 
tlirough its mineral crust electric currents of vaiying intensity 
and character. The superficial crust of the earth can, in feet, 
only be considered as a vast thermo-electrical apparatus, and to 
^its influence we may trace the diurnal variation of the needle. 
Mr. Christie, speaking of a course of experiments he made on 
this sulqect, says, From these I drew the conclusion that one 
part of tlie earth, with the atmosphere, being more heated than 
the other, two magnetic poles, or rather electric currents pro- 
ducing effects referable to such poles, would be formed on each 
side of the equator, poles of different names being opposed to 
each other on the contrary side of the equator ; and that dif- 
ferent points in tlie cartlfs equator becoming successively those 
of greatest heat, these poles would be carried round the axis of 
the earth, and w'ould necessarily cause a deviation in the hori- 
zontal needle. On comparing experimentally the effects that 
would result from the revolution of such poles with the diurnal 
deviation at London, as observed by Canton and Beaufoy, also 
with those observed by Lieut. Hood, at Fort Kntei-prise, and 
finally witli the late Captain Foster at Poi“t Bowen, I found 
a close agreement in all cases in the general eliaracter of tlie 
phenomena, and that the times of the maxima east and west 
did not differ greatly in the several cases. The double oscilla- 
tion of the needle clearly resulted from this view of the subject. 
Some of the expenments to which 1 have referred showed that 
when heat was applied to a globe, the electric currents excited 
were such that on contrary sides of the equator, the deviations 
of the end of the needle of the same name as the latitude were 
at the sanic time always in the same direction, either lioth 
towards east, or both towards west.” The diurnal deviation h 
greatly influenced by local causes, such as the state of the 
weather, and especially the temperature ; a circumstance which 
strongly tends to confirm the supposition that it is under the 
control of those electric currents excited by the action of 
unequal currents of heat. 
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Do Saussure made, some time since, a series of experiments 
on the Col du Geant, at an elevation of about 11,300 feet above 
the level of the sea, with the object of determining the influence 
of elevation upon the diurnal change of variation. By com- 
imring the result of these observations with those which he 
obtained at Chamouni and Geneva, he discovered that the 
change is but little influenced by the altitude of the place, the 
course of the diurnal variation being the same in the three 
localities, the times of the least and greatest variations being 
later on the Col du Geant tlxan at Cliamouni or Geneva. 

DIP. 

The needle is subject to a perpendicular as well as a vertical 
motion. Norman discovered that a needle, accurately balanced, 
and perfectly horizontal before it was touched by a magnet, 
always lost its position after the magnetic principle was com- 
municated to it, the north pole declining below the horizon 
in those countries situated in the northern hemisphere. TJiis 
ingenious philosopher invented, about the yeai* 1*570, an instru- 
ment by which to measure the inclination or dip, and deter- 
mined it to in London, about 71** oO'. He was aware of 

the fact that tlie dip clianges with the situation of the place in 
which the needle is suspended, but he was unacquainted with 
the origin of this cliange. 

It may be stated as a general law, that the dip increases from 
the equator to the poles. If the poles of the earth’s rotation 
were the magnetic poles, then this would be strictly true, and 
on the equator the magnet would be horizontal, while at the 
{>oles it would be vertical. But as the terrestrial and magnetic 
poles do not coincide, neither can the terrestrial and magnetic 
equator. 

The dip may be very well illustrated by suspending a small 
magnetic needle over a large bar-magnet, — when the middle is 
situated directly over the centre of the magnet it will be hori- 
zontal, having no tendency to incline either to one pole or thv. 
other. But as it is removed from this point to cither end, the 
inclination is observed, and when situated over the pole, it 
would, if uninfluenced by other forces, be quite vertical. The 
same appearances are observed on the surface of the earth, for 
it acts as though it were a magnet, and there is a line, called 
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the magnetic equator, on which the magnetic needle has no dip, 
and there are points in both hemispheres where it is vertical. 

The magnetic equator is not an exact circle of the sphere ; for 
although it does not recede from the terrestrial equator north 
or south more than 15” or 16”, yet it cuts the equator in four 
places at least. Captain Duperry crossed the magnetic equator 
several times during his voyage round the world, which was 
commenced in the year 1822 and completed in 1825. The 
results of his observations are given in the “ Annales de Chiinie 
et de Physique.” The node of the magnetic equator, or that 
point w^here it crosses the equator of the earth, is near the 
island of St. Thomas, about 3“ 20' to the east of the meridian 
of Paris. From this point it advances rapidly to the north- 
east, and crosses the continent of Africa. It then stretches 
onward, for a short distance, in a line almost parallel to the 
equator, but, gradually declining, passes through the south of 
Hindostan, touching the northern extremity of the island of 
Ceylon, and forms an irregular line passing through Malacca, 
the north of the island of Borneo, and to the south of the 
Carolinas. At about 175” east of Paris it again crosses the 
equator, and makes but a small angle until it reaches about 
100” west from Paris, when it takes an eccentric coui*se through 
South America, having in some jdaces a distance from it of 
16". It then passes in an irregular line through the Atlantic 
towards the island of St. Thomas. Them is, however, a singu- 
lar circumstance which has been observed concerning its passage 
through the Pacific Ocean. In longitude 113” 14' west, the 
magnetic equator crosses the equator of the earth, and in longi- 
tude 156” 30' it has been traced at some distance to the south 
of the equator ; but in the sea of China, in 1 16” east longitude, 
it is north of the equator, and, consequently, must have inter- 
sected it in some point between these two places. Three points 
where the magnetic and terrestrial equators cross each other, 
may therefore be said to have been determined ; and there are 
strong probabilities that there may bo even more. 

But the dip is subject to change as well as the variation. 
When Norman made his experiment in 1576, the inclination 
was 71® 60'. In 1028 Captain Sabine found it to be 69” 4T ; 
and Captain Segelcke measured it at Woolwich, in November 
1S30, as 69® 3^. The magnetic equator is not, therefore, a 



1,94 TEHRE8TRIAL MAGNETISM. 

fixed line, but varies with the position of the magnetic poles. 
According to the experiments of Captain Sabine, the dip has 
been decreasing about three minutes annually for the last fifty 
years. 

There are many subjects of great interest connected with the 
magnetism of the earth, to which rve cannot even allude in this 
outline sketch, but must close the chapter with an account of 
some of those opinions which have been "entertained as to the 
origin of terrestrial magnetism. 

ORIGIN OP TERRESTRIAL MAGNETISM. 

The name of Gilbert ivill ever be associated with the science 
of magnetism, for we are equally indebted to him for the variety 
and accuracy of his experiments and the soundness of his de- 
ductions, so far, at least, as the state of the science in his day 
admitted. This eminent philosopher, to whose memory pos- 
terity has not awarded justice, considered the earth to act upon 
a needle, as though it were itself a magnet, and that the dii*ection 
of the magnet w^as due to the earth's magnetic powder. That 
end of the needle which points to the north pole of the earth he 
called the south pole of the magnet, and that which points to 
the south he called the north pole. Although the names of 
the poles have been changed, they were accurately designated 
by Gilbert, and the names by which they are now known con- 
tradict the acknowledged principle that poles of the same name 
repel each other. 

Halley accoxmted for the variation and dip by supposing the 
existence of four terrestrial magnetic poles, two in each hemi- 
spliere. One of the northern he conjectured to be about 7" from 
the pole of the earth, in the meridian of the Land s End, and 
the other about 15'" from the pole, in the meridian of California. 
One of the south poles he supposed to be situated about 16° from 
the terrestrial pole of the southern hemisphere, in a meridian 
about 20“ to the westward of Magellan's Straits. The other, 
which Halley considered the most powerful of the four, he con- 
ceived to be about 20° from the pole of the earth, and in about 
120“ east longitude. One pole in each hemisphere was sup- 
posed, acoordlngto the terms of this theory, to have a revolution 
round the magnetic axis in a period of about seven hundred 
years. 
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Professor Hansteen has adopted Halley's hypothesis so far, at 
least, as to aclcBowledge the existence of four magnetic poles, 
though he supposes them aU to be in motion, the northern poles 
having a revolution ffom west to east, the southern from east 
to west. This theory accounts for many phenomena, and has 
received much attention from philosophers in this as well as in 
other countries. 

There has been much speculation as to the cause of this rota- 
tory motion of the magnetic axis. Some writers have attributed 
it to the progressive oxidation of the metals, some to cold, and 
others to electricity. But the attention of all observers is now 
turned towards the application of the wonderful discoveries 
which have been made in the circumstances and effects of elec- 
tro-magnetic action, hoping that the time may not be very far 
distant when the cause of magnetism will be perfectly under- 
stood and its phenomena accurately traced. 
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INTERIOR OF THE EARTH, 
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of Volcanic Action. 

When we compare the depth of the deepest mine, added to 
the height of the highest mountain, with the semi-diameter of 
the earth, we must perceive that it is almost literally true that 
we are ignorant of the constitution and condition of its interior. 
But it is singular that, with so few facilities for investigation, 
so much should have been determined that is, in all probabi- 
lity, nearly allied to truth, if it be not truth itself. A few 
strong-minded individuals commenced the investigation ; and 
although practical inquiries were for some time retarded by the 
visionary theories that were successively proposed, such facts 
have now been determined as enable geologists to trace the 
successive changes which tlie earth undergone, and the 
causes by wliich they were produced. 

Men have, from the earliest ages, been asking one another, 

Of wliat is the interior of the earth composed 1 and what are 
the phenomena it presents ? ” In the absence of all informa- 
tion, they have proposed and adopted wild conjectures as truths, 
and have maintained their opinions as though they had been 
founded on the most accurate observations, or deduced from 
undeniable principles. Two antagonist theories, the Neptunian 
and Plutonian, sprang into existence at the very birth of geolo- 
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gical science, and each has still its advocates : the one attributes 
the formation of rocks to the agency of water, and the other to 
igneous causes. There is now, however, little doubt that both 
these agents have been active in producing the present state of 
the earth ; and the most decided advocates of the Wernerian 
doctrines are giving up, one by one, the contested principles of 
the theory, and admitting that heat may have produced some 
geological effects. 

It may excite surprise that the geologist should have suc- 
ceeded in ascertaining, hy direct observation, any valuable facts 
concerning the rocks which form the framework of our globe. 
Had he depended for information upon the excavations of the 
miner, his knowledge must have been confined to those few 
beds which lie upon the surface. But all rocks have, more or 
less, suffered a change of level, and many of the most ancient, 
that is, those which are lowest, have been elevated above or 
through the superficial beds, and thus exposed to observation. 
The geologist has therefore but little more to do than to examine 
the surface of the earth, and he will there find the rocks which 
he could have only found in the interior, if they had not been 
disturbed by some subterranean elevating force. 

But the inquirer will not be satitfied with knowing the 
arrangement and characters of rock — she will be anxious to 
ascertain what is beneath them ; and however distant the 
reader may suppose himself to be from any information on tliis 
subject, it will be hereafter shown that the opinions which have 
been formed are not altogether conjectural. The subject of the 
present chapter will, we think, be best explained by first con- 
sidering the condition of rocks, or the cimst of the earth ; and 
secondly, of that vast space beneath them called the interior of 
the earth. 


THE CRUST OF THE EARTH. 

That part of the interior of the earth open to investigation 
has been appropriately called its crust. It is but the crust in 
relation to its thickness, as compared with the semi-diameter of 
the earth ; and it may be found true in another sense, when the 
internal heat of the earth, and the cooling of its surface, are 
better understood. 

Every one know^s that the mineral masses on the surface of 



I{^8 THE FORMATION OP ROCKS. 

the earth are marked by great diversities of external character 
and of chemical composition. In one place vre find a granite^ 
in another a rock that bears upon it the marks of igneous 
fusion, in a third a sandstone, and in a fourth clay, and all these 
may occur in an extremely limited district. The observer will 
be, first of all, anxious to ascertain if they have any constant 
relation to each other, and to form some general subdivision 
that may guide him in identifying the rocks of one place with 
those of the same kind which may occur in another. Now, 
there are two great classes of rocks : one, called the primitive, 
consists of igneous and crystalline masses, commonly found at 
the basis of the series ; and the other, termed the secondary, 
contains the rocks that have been produced by the transport or 
sediment of mineral substances accumulated by various causes. 

Without entering into any lengthened description of rocks or 
their superposition, we sliall state a few principles which may 
he fairly deduced from the appearance and condition of the 
mineral masses; giving, at the same time, the deductive pro- 
cess by which these principles are ascei^ined. The reader 
may thus acquire a general notion of the manner in which 
geologists trace the physical history of the earth, while, at the 
same time, he informs himself as to the result of their inves- 
tigations. 

1. The causes which are now active in destroying and forming 
rocks must have produced the same effects from the moment 
they were brought into existence ; and when two rocks are 
found to be identical in mineralogical composition and character, 
it is a legitimate deduction that they were produced by the 
same cause, though it may have been more active or more 
continual at one period than at another. That rocks are being 
formed in the present day, there is abundant evidence. The 
beds of rivers and oceans are constantly receiving the debris 
produced by the action of W'ater upon the surface of rocks; 
springs deposit in some places laige quantities of calcareous and 
other matter, and volcanoes pour over the surface of consider- 
able districts immense streams of lava. But rocks bearing a 
close analogy to these are found to compose the crust of the 
earth, and it may therefore be deduced that the causes wliich 
are now active in the formation of rocks did produce those 
ancient masses which ate the framework of our globe. 
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2. The construction of the earth's crust must have occupied 
a considerable period of time, even upon the assumption that 
the productive agents were then more rapid in the accomplish- 
ment of their effects than they are in the present day. Nearly 
all the mineral masses that come under our notice are stratified, 
and were evidently formed by the instrumentality of water ; 
some by the physical power it exerts in transporting the dis- 
connected fragments of pre-existing rocks, and others by a sedi- 
mentary process. Of these stratified rocks there are an im- 
mense number, some being only a few inches, and others many 
hundred feet in thickness ; a fact which proves that their for- 
mation must have occupied a considerable space of time. 

3. The circumstance v.nder wdiich a stratum was produced, 
and, in some instances, the pliysical condition of the earth at 
particular geological periods, may be determined by an exami- 
nation of rocks. Many of the stratified rocks contain the 
remains of animals and vegetables that lived at the time of 
their deposition, and these may be generally employed as evi- 
dences of the circumstiinces under which the bed was formed, 
and the condition of the earth at the time. In some instances 
the organic remains are found in a broken and almost triturated 
state, proving that the catastrophe which imbedded them was 
violent and perhaps prolonged. In other instances the most 
delicate structures of shells have been preserved, and plants are 
found in such situations as lead the observer to suppose that 
they were embedded without violence. Some information may 
also be obtained from an examination of the fossils themselves ; 
for while some beds contain the remains of animals known to 
exist in fresh water, others ai*e crowded with the remains of 
those which existed in the ocean. Assuming, then, that the 
habits of those animals whose remains are found in the stratified 
I’ocks were similar to the now existing types of tlie same species 
or genera, a geologist may classify fossiliferous rocks under the 
two heads of fresh- w^ater and marine. This species of evidence 
has perhaps been, in many instances, carelessly applied from the 
presence of one ortwo specimens; hut when the remains generally 
have sucli characters as w arrant the observer in the supposition 
that animals lived in tlie water from w^hich the minered matter 
now fi>rming the rock was deposited, he can feel no difficulty in 
deciding upon the q^uestion-— was the bed formed in a sea, in a 
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or in an inland lake? There are many animals that are 
known to exist in either fresh or in salt water, and there are 
many others who may be inured to a change of residence. 1 1 may 
be hoped that tliis subject will receive a more careful attention 
than has hitherto been devoted to it ; for it is not possible to 
determine with precision how much dependence can, under 
certain circumstances, be placed upon the deductions to which 
have refernd, until it has been ascertained whether ani* 
mals inhabiting fresh or salt water may not, by a giadual pro- 
cess, be able to exist in, and at last prefer that medium in which 
they could not live if the transition were sudden. But whatever 
may be the result of such an inquiry, it is evidently injudicious 
to form an opinion of a deposit from the presence of a few marine 
or fi*esh- water shells, as they may have been brought by some 
local cause into the situation in which wa find them, or they 
may have had an habitual residence in the fluid by which the 
bed itself was deposited. 

The presence of organic remains in rocks also enables the 
geologist to compare the present state of the earth, so far as 
relates to the provisions for the sustenance of life, with its pro- 
bable condition at the periods when the successive strata were 
formed. Assuming, again, that the habits of animals were the 
same then as in the present day, the naturalist may readily 
determine the conditions which must have existed for their 
suppoj’t. But many of the animals, the remains of which are 
discovered imbedded in the mineral masses, are now extinct, so 
far as our knowledge of existing genera extends. The reptiles 
appear to have had at one period a great predominance over all 
other creatures, and many of them must have possessed forms 
and habits very difiPerent from any that are now known to be 
borne by animals of the same class. 

If we look to those classes of animals known among natural- 
ists as the niollusca and conchifers, we shall find that many 
genera and species have been destroyed by the ravaging hand 
of time. Some genera have existed in vast numbers, as the 
multitudes that are preserved in rocks fully prove. To ascer- 
tain the exterminating process which has sw(‘pt from tlie sur- 
face of the earth so many forms of being may be a difficult task ; 
there are, however, causes in the present day, independent of 
the destroying agency of man, tending to decrease thSe number 
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of certain species, and animals known to be in existence a few 
years since are not now to be found. ^ Many animals are distri- 
buted in localities, frequently of small extent, and any violent 
physical cause acting upon those spots might destroy the entire 
race. Australia appears to have a class of animals entirely its 
own ; and should it at any future period suffer under one con- 
vulsion, similar in intensity to those which were common during 
the deposition of rocks, and be submerged, a large number of 
these w'ould necessarily become extinct ; while an elevation of 
the bed of the sea would be equally destructive to those which 
inhabit the ocean. 

The geologist may also gather some information concerning 
the circumstances under ’.*^hich a deposit was fanned, from the 
mineralogical structure of the bed itself. Gravel must be the 
effect of an impetuous motion of water ; it consists of fragments 
broken from rocks in tiitu : some of these are rounded, which 
could only be occasioned by the rolling motion given to them 
by the strong current of a river or the sea, and we may there- 
fore always connect an aqueous cause with the existence of a 
pebble. In these gravel -beds we find the fossils which charac- 
terise sedimentary rocks blended together, and hence w'e know 
that the force which produced them must have acted upon an 
extensive tract of country. When beds of clay and limestone 
are found, the observer has evidence of a more gentle, though 
in all probability a more continued, action of water, whether of 
rivers or of springs. 

4. From the character of the animal and vegetable remains 
found in rocks, geologists believe that there has been since 
their deposition a change of supei-ficial temperature. The 
plants that are found in the coal-measures, even in those of our 
own country, are of a tropical character, and must have grown 
in hot and moist climates, under a temperature nothing inferior 
to that of the equatorial regions. There are two hypotheses by 
which their pi*esence in cold northern climes may be accounted 
for: either they were drifted by the sea to their present places, 
which might Irnve haf)pened without destroying their texture, 
supposing them to have been under the pressure of a consider- 
able body of water ; or they grew in the countries w^here they 
are now found. In the same manner we may suppose the 
animals whose remains are found in rocks to have lived near 
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the places where their remains are imbedded, or to have been 
transported by causes posterior to that which desti*oyed life. 
If we acknowledge that animals and vegetables lived near to 
those spots in which their remains hare been discovered, it is 
scarcely possible to avoid the conclusion, that at some former 
period there must have been an equality of temperature over 
a lai^e portion of the earth. 

5. From the presence of marine animals in stratified rocks, 
we may deduce that the dry land must at some former period 
have been covered by the sea, and that the bed of the ocean 
must have been more than once elevated by some great con- 
vulsive force. I'he stratified rocks must originally have been 
horizontal or nearly so, and many of them were formed in the 
same manner as the deposits which are always to be found in 
the beds of rivers and the basins of oceans ; but they were 
afterwards acted upon by mighty disturbing forces, which ele- 
vated and disrupted them, throwing their strata into a variety 
of forms. Some were upheaved in a mass by an invisible but 
in'esistible force acting beneath them ; some were tilted into 
inclined positions ; and others, forced up in more than one place, 
rvere made to assume the form of a basin. These eflFects have 
been both local and general, at one time affecting a district not 
more than a few miles in extent, and at others elevating entire 
continents and immense mountain chains. The agent, as we 
believe, that produced these mighty effects was internal heat — 
the same cause as in the present day mimics its former results 
by the exhibition of volcanic action and other phenomena, to 
which it will be hereafter necessary to refer. The identity of 
cause is proved by the identity of effects, not only in the dis- 
turbance of equilibrium, and in the arrangement of the solid 
materials of the earth’s crust, but also in the character of the 
ejected matter ; for during the continuance of those mighty 
disturbances to which the earth was subject when its crust was 
in the process of formation, immense fissures were frequently 
formed, and from these the intumescent mass was thrown, 
producing overlying rocks of various extent and thickness. 
The summits of mountains frequently consist of unstratified 
rocks, which liave been elevated into their present position 
by the internal force. At other times they are seen between 
stratified beds, bearing evidence in their position and construe- 
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tion of the fact that the upper bed was formed after the con- 
solidation of the volcanic rock that disturbed the inferior mass. 
Not unfreqiiently these unconformable rocks, as they are some- 
times called, assume a columnar structure, os at Staffa, Kgg-, 
and Antrim ; and in other situations they may be crystalline 
or massive. It may, however, be necessary to remai’k tliat the 
ejection of tlicse volcanic rocks did not necessarily attend the 
exertions of these internal disturbing agencies ; for as an 
earthquake may happen in the present day without the actual 
ejection of lava, so the same force did in the early ages upheave 
the crust without any ejection of liquified rock. 

From these remarks it will be evident that the horizontal 
iHjds have been elevated ; and in proof of this statement we have 
not only the evidence which is afforded by the presence of ma- 
rine animals at elevations far above the present level of the 
sea, but also the existence of rocks which were produced by 
the action of internal heat. The discovery of marine fossils at 
considerable elevations is not of itself sufficient to prove that 
horizontfil deposits have been elevated ; this fact can only ho 
determined by the relative position and inclination of the beds, 
or the discovery of the igneous mass that upheaved them. 

GENERAL REMARKa 

Admitting the statements wdiich have been made, it will 
appear that the crust of the earth, so far as it is open to inves- 
tigation, consists of a variety of compound masses, some of 
which were produced by water and some by intense heat. A 
superficial examination of these would lead tlie observer to 
imagine that they are destitute of arrangement ; and if they 
should be examined mineralogicaily, they are so ; but by the 
united assistance of mineralogical characters and the contained 
fossils, a tolerably perfect system has been produced ; so accu- 
rate, at least, that the geologist may generally predict the suc- 
cession of rocks without much fear of failure. The unstratified 
rocks have no constant place, but are associated with the deposits 
of all ages ; a circumstance that might be expected from their 
origin. The convulsions wliich elevated and disturbed the 
stratified rocks were confined to no particular era. 

By an examination of rbeks we are certainly led to the con- 
elusion that the formation of the earth s crust was a work of 
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time, and was accomplished by secondary agents of varying 
intensity, such as are now existing and exerting an influence 
on the surface of the earth. We must not, however, imagine 
the earth to have been during this succession of ages an un- 
peopled waste, for in every period after the formation of the 
primitive rocks it appears to have been inhabited by a class of 
animals, and decorated with an order of vegetation, suited to 
its physical condition ; and the imbedded remains are sufficient 
evidence of this fact. But the violent changes to which the 
superficies of the earth were subject could hardly fail to be 
exceedingly destructive of life ; and we accordingly find that 
many genera which are abundant in certain rocks are not to be 
found in others, and are now extinct. But it is a singular cir- 
cumstance, and pei’haps scarcely to he accounted for on knowm 
principles, that every suite of beds contains fossils peculiar to 
itself, and by these it may be very readily distinguished. 

THE ORDER OF R<>(’KS. 

The term rock is applied to all masses of mineral substances, 
wh(‘tlier they be gi’anites, clays, sands, or other compounds. 
The word, in its common acceptation, means a mass of some 
hard mineral ; but it is used by geologists in a more general 
sense, and signifies a component part of the earth’s crust, with- 
out reference to the quality of hardness or tenacity; and in this 
sense a bed of cla)' or of sand is a rock. 

From a partial examination of rocks, it nnght be supposed 
that they are indiscriminately situated in relation to one an- 
other. This is the common opinion, and Is believed by all those 
who are ignorant of the science of geology. The interior of 
that world w'hich exhibits such wonderful order and skilful 
arrangement on its surface, is in their imagination a very type 
of confusion. So natural is this supposition, tliat it is probable 
we might still have indulged the error, had not the investiga- 
tions of miners insensibly led them to trace the connexion of 
one rock with another. It was early discovered by these 
practical geologists, that certain ores could only be found in 
certain rocks, and that they were always associated with others 
of a particular character. In their search for ores, after this 
discovery had l>een made, they endeavoured to assure them- 
selves of the presence of some of these beds, before they 



St; PEH POSITION OP ROCKS. 


205 


expended either capital or labour in closer examination. The 
more scientific observations which have been since made have 
extended the facts first observed in particular instances to the 
entire system of mineral masses, and there is now no principle 
better substantiated than the regular arrangement or order of 
rocks. 

This statement may appear somewhat inconsistent with the 
remarks already made, and it is quite possible to give it a too 
minute acceptation. The earth is not composed of a series of 
beds arranged one over another like the coats of an onion, nor 
are the strata so equably spread over each other that it is only 
necessary to pass through them in one place to know the con- 
stitution of the whole glebe. If the surface 1x5 bored through 
in diflPerent places, the same number of beds will not be found 
in any two, nor will they generally have the same character ; 
and if they should be at a distance from each other, tliat rock 
w^hich is most abundant in one place may be absent in the 
other, which could not be the. case if the beds were regularly 
arranged one over another, extending round the whole globe. 

But still it Ls true, in a more general sense, that rocks have 
an undeviating order. There are two mineral substances well 
known to everybody, chalk and coal ; and chalk is always 
above coal in the order of rocks. It would be foolish to search 
for chalk at Newcastle, for in no instance has it been found 
beneath the coal-beds. So, again, Pdflland stone, used for 
building, could not be found in a country where coal is found 
on the surface. It is supposed by many persons that coal may 
be obtained upon Blackheath, in the vicinity of London ; but 
the geologist is quite certain that it cannot, for the beds in that 
district belong to a formation considerably above that with 
which coal is associated. It would therefore appear tliat, as a 
general principle, rocks are always found in a certain relative 
position, but it is not true in particulars. In all the most cha- 
racteristic and important rocks the rule may be depended upon ; 
in those of small extent and of a secondary character it cannot. 
A geologist could not in every instance assert that a bed of clay 
or sand would be found beneath the surface at any place ; but 
he could tell whether coal, building-stone, or chalk might be 
expected. 
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STRATIFICATION OF ROCKa 


Rocks may be divided into two classes, stratified and un- 
stratified : the greater number belonging to the former class. 


Strictly speaking, a stratum is 
faces. If a bed be placed in 



STRATIFIED RKBS. 


bed of rock having two parallel 
flat or horizontal position, the 
upper and undersurfaces should 
be parallel to one another ; if 
in a perpendicular direction, 
its vertical surfaces should be 
parallel. But the term does 
not admit of this great accu- 
racy of definition; and those 


beds that have not strictly parallel planes are considered to be 


stratified. 


It may appear a very easy tiling to determine whether a rock 
is stratified or not ; but there are many practical difficulties, 


and he who examines rocks for the first time is very liable to 


deception. 

It was once a subject of discussion among geologists, w^hether 
granite is stratified. M. Gruber thought the stratification so 
evident, that he doubted whether the man who was not of his 


own opinion could see at all. Dr, Mitchell says he traced a 
stratified granite for sixty miles along the chain of the Reisen- 
ge!)irge, and Professor Jameson one hundred and fifty miles. 


Vet Von Buell strained his eyes in vain to observe some appear- 
ance which should bring him to the same opinion, but after a 
diligent seai'cb he gave up the pursuit in despair. A celebrated 
Swedish naturalist says he never saw an unstratified granite ; 
and an equally eminent English geologist never saw a granitic 
stratum. Jt is, however, now generally admitted that granite 


is not a stratified rock. But it is important to inquire into the 


circumstances which deceived so many eminent observers, that 
w^e may avoid the sources of error that misled them. 

It is well known to mineralogists that there are certain crys- 
tallised minerals which may be more easily sidit in a particular 
direction than in others. Some minerals are cleavable only in 
one direction, others may be cleaved in two, three, or more, 
and the latter may often be made to assume regular geometii- 
cal fonns. 
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Rocks have also frequently a line of cleavage, called by 
workmen the grain of the bed. Those who work granite are 
accustomed to look for the direction of cleavage, and although 
the indications can seldom be detected by a person unacquainted 
with the practical working, the miner has no difficulty in fixing 
upon the direction in which the rock will most readily split. 

Now it is this line of cleavage that is frequently mistaken for 
stratification — it was this that deceived geologists as to the 
stratification of granite ; and when this rock is associated with 
really stratified rocks, and its cleavage is in the same direction 
as their strata, a circumstance by no means uncommon, it is 
almost impossible to convince oneself that there can be any 
difference between the stratification of the one and the cleavage 
of the other. Generally speaking, however, the lines of cleav- 
age run into and join one another in such a way as to distin- 
guish them from strata, d cb^m the following diagram, repre- 
vsent stratified beds ; «, a granite rock, having its Ime of cleavage 
in the same direction as their strata. 


It frequently happens that strata are intersected by lines of 
cleavage, so as form an angle approaching more or less to a 
right angle, as in the accompanying diagram. In the clay slates 

^ uncom- 
appearance. We 


mon appearance. We 
have particularly ob- 
served it in Devonshire ; 
and in an attempt to 
determine the true stra- 
tification it is some- 
times the cause of con- 


SECTION OF CLAV SLATE ROCK, 


siderable difficulty and of error ; but by careful inspection the 
strata may generally be distinguished. 

It must often have been observed by all who have walked 
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over an extensive district, that rocks succeed each other in a 
constant order. But if rocks had been placed horizontally, 
one upon another, the same mineial mass would have covert 
widely -extended districts, or even the entire surface of islands 
and continents. A familiar example may bo given of the pre- 
sent arrangement of rocks. London is situated upon a clay, 
called by geologists London or blue clay, and if we bore through 
this bod we find chalk, that rock being situated beneath the 
London clay. Chalk, therefore, could never be found at the 
surface if rocks were arranged like a pack of cards upon a table, 
without the removal of the upper bed. This, however, is not 
the arrangement we observe upon examination ; for at a very 
short distance from London, Shooter s Hill for instance, chalk 
is found to bo the superior rock. 

It is seldom that strata occur in a perfectly flat position ; 
they are generally inclined, more or less, so that one emerges 
from beneath the other, as shown in 
the diagram. In consequence of this 
arrangement, we may, by travelling 
over a country, determine the cha- 
racter of the rocks of which it is 
formed, with even more accuracy 

IftfCtlNKU STRATA « ft C. j.1, ^ IJ J t • • 

than could be attained by piercing 
through the whole of the beds at the surface of the highest 
rock. 

In tliis arrangement we cannot but observe a proof of design, 
for by the present disposition of beds man is made acquainted 
with all those w^hich are necessary for liis comfort and the 
advance of the arts of life : and he can obtain them with little 
or no exertion. If rocks had been placed in a flat position, it 
is not probable tliat we should ever have discovered either coal 
or the metals ; for as these are situated so low in the series that 
it would have been necessary to bore to the depth of many 
thousand yards in order to obtain them, it is doubtful whether 
any inducement to make the attempt would have been offered. 
But supposing that from any circumstance their existence and 
properties had liecome known, their situation would effectually 
have prevented their being obtained in sufficient quantities to 
supply our wants. It is scarcely to be imagined what would be 
t)ie result if all the coal and metals were expended, much 
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more to determine the condition in which man would now have 
been if they had never been known ; but, in all probability, 
society could not have been formed, and civilisation would have 
had no existence, even in name, at least in northern latitudes. 

Some of the difficulties which attend the geological student 
in an attempt to determine whether a rock be stratified or not 
have been noticed, but his difficulties will be only in part 
overcome when he has convinced himself of its stratification ; 


this is but the first step in the practical investigationof a district, 
and it is not improbable that he may, without great cai*e, take 
the apparent for the real stratification. There are two aspects, 



the front and the side view, in which a 
stratified bed may be examined. Take 
a number of boards, a foot long and three 
or four inches wide, and arrange them so 
as to represent strata emerging from be- 
neath each other. If these be viewed 
in the direction of their shorter face, 


TWO viKWh or HTRATiFJED uH accuratc ootion of their stratification 


HKDS. obtained, for the real strati- 

fication is in the direction of their length. 

It will now be readily conceived that an inexperienced 
observer may easily be deceived by mistaking the apparent for 
the real inclination of the strata, and describe beds as horizon- 
t-al which have a considerable dip. Suppose the beds to range 
north and south, it is possible that there may he no natural 
section in that direction by which the true inclination can be 


seen, and a section in any other direction will make the dip to 
appear less than it is. 


The student must also be careful to examine the relative 
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position^ of the beds, for in this respect he may be easily led 
into error. One bed must not be supposed to be above anothet 
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INTERSECTION OP VALLEYS. 


because it is found at a greater height, or forming a hill while 
the other occupies the valley. The relative height of two beds 
is no criterion in determining their relative position. 

In examining a district composed of stratified rocks, the 
student may experience some difficult}*^ from the intersection of 
valleys. Passing from one place to another, he may meet with 
the same rock two or three times, and be led to imagine that 
it occurs two or three times in the series. In this manner the 
inexperienced are often greatly perplexed, not remembering the 
I’elative heights of the places in which the frequently-occurring 
bed is found. 

This may l>e explained by the accompanying figure ; for a 
traveller walking over the district it repi’csenta, would come 
five times upon the same rock ; and as it is not so easy to 
see the relation which one rock beai’S to another when travers- 
ing the country in which the rocks themselves occur, as in 
casting the eye upon a section, the o])scrver may probably be 
deceived by such a result, and imagine that there is a great 
want of analogy between it and ordinary geological arrange- 
ments. The section, however, shows that the exposed parts. 



«, 6, c, <1, c, have been presented to view by the formation of 
two valleys : for if the line of inclination in one hill be carried 
on, it will be found to join on with that in the others. This 
fact is received by geologists as an evidence that the valleys 
were formed after the deposition of the beds. 

But there are other difficulties of even a more serious cha- 
racter than those to which allusion has been made. The strata 
wliich compose the crust of tlie earth are not usually in the 
same condition as when they were formed, but liave been dis- 
turbed by a variety of powerful agents that have acted upon 
them in various ages. Sometimes rocks have been affected by 
violent volcank agents, and at other times they have acted upon 
one another by pressure, or upon themselves by shrinking and 
subsidence. 
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Instead of the rcgnlarly-emerging and sliglUly-inclined beds 
of wliich we have been speaking, strata are sometimes found iu 
✓—V a position not unlike the roof of a 

house, piled up on their edges one 
f / /\\\ against the other, forming a steep 

/ / j ! j / /\\ \\ ridge of rocks. This form is called 

! / j saddle-shaped stratification. If 

^ J Z, / . \ \ \ we take a piece of some resisting 

sAPDLB-»«Ai*KD sTftATJKrcATioN. substancc, ottd fastening it at the 
ends, apply a force in the centre sufficient to raise up the cen- 
tral parts, it will either break or bend, and will remain in that 
form which it assumes as long as the force continues to l>e 
applied, or, in other words, as long as there is any resistance 
sufficient to prevent it frpm taking its original form. A similar 
action in all probability caused strata to take this peculiar posi- 
tion. Wo may imagine them to have been originally liorizon- 
tal, but some force, acting from beneath, tilted them up when 


in a yielding state. 

This kind of stratification is sometimes presented in a still 
more complex form. At Westbury, in Somersetshire, there is 
an example of saddle-shaped stratification which would hardly 
be recognised as such. The upper portion of the strata is in 
this instance removed, apparently by the action of water, and 
a valley has been formed in which a flat stratum of gravel has 
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been deposited, a, represents a valley covered with gravel; 
6, tilted rocks ; c, c, rocks resting on them in an undisturbed 
position. But before we pass on we may be permitted to draw 
the attention of the reader to another circumstance peculiarly 
marked in this section. There are five successive periods dis- 
tinctly marked in the present condition of the rocks at West- 
bury. First of all, the formation of the beds, w hich, if depo- 
sited by water, must have been nearly horhsonial ; then their 
elevation so as to produce a saddle-shaped stratification ; then 
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the deposition of the rocks that rest upon the disturbed strata ; 
then the action of water scooping out the valley ; and lastly, 
tile formation of the bed of gravel in the bottom of the valley. 
When the geologist considers the number and varied action of 
the agents which produced the present arrangement of rocks, he 
cannot but feel the necessity of making liis deductions with 
caution, after the most careful examination. 

The fan-shaped stratification is the reverse of the saddle- 
shaped. The following figure is a section of the mountain 
limestone, as it occurs at Ddeberry Camp, and is an interesting 
example. To have produced this appearance there must have 
existed a different condition from that which would produce a 
saddle-shaped stratification, wliich requires, as we have seen, 

a force acting upon the 
centre of a bed that has 
itstwoendsfixed. A fan- 
shaped stratification, on 
the other hand, can only 
l>e produced by the ac- 
tion of two forces, one 

SECTION OF FAX-SH.IPi£D STfiATA, ^^d of thC bcd, 

wlihe the centre is partly retained in its position. Thus a piece 
of card, having a weight in the middle, may be raised by the 
hands at each end, and be made to assume this particular 
form. From these observations it would therefoi'e appear, 
that to produce the stratification observed at Daleberry Camp, 
the ends of the strata must have l>een upheaved, probably 
by some force similar to that which now produces volcanic 
action. 

TJie basin-shaped stratification is not uncommon in coal 




districts. Geologists are not agreed as to the cause of tins 
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appearance, some attributing it to the elevation of the beds as 
described in explaining the formation of fan-shaped stratifica- 
tion, while others imagine it to have been produced by the sink- 
ing of the central parts. It is not impossible that both these 
causes may have assisted in producing this peculiar distortion 
of rocks. One thing however is certain, that there must have 
been a great degree of flexibility in the materials. 

The task of determining the stratification of rocks in any 
district will not now perhaps appear so easy as might at first 
have been imagined. The art must be acquired by practice 
and the habit of close attention ; and though there are occasional 
a[)pearances which perplex the inquirer, yet the commonly- 
occuiTing conditions of rocks are such as to give the practical 
geologist but little trouble. It cannot be too strongly impressed 
upon'^the student how necessary it is to examine for himself, if 
he intend to make himself a master of science, or to be useful 
to those who are to follow him. In geology practical studies are 
peculiarly necessary, for it is quite impossible that any adequate 
or accurate notion of the real constitution of the earth can be 
obtained by reading. He who would be a geologist must by 
constant personal exertion endeavour to form his opinions from 
the study of rocks in their natural situations. A life devoted 
to the perusal of geological papers will scarcely be sufficient to 
give an adequate knowledge of geology ; for although a strong 
mind might be able to detect many errors in the theories wliich 
are proposed by geologists to account for various appearances, 
yet from the habit of dependence on the descriptions of others, 
even that mind would scarcely be in a state to propose any new 
explanation, or trace the origin of the error. 

ELEVATION OK DEPRESSION OF STRATA. 

There is another circumstance in relation to the stratifica- 
tion of rocks which is worthy of notice, as it may be a source 
of some difficulty to the uninitiated observer. Strata have been, 
in some instances, deranged by fracture, and portions of them 
have been depressed or elevated. In consequence of this, it 
sometimes happens that a geologist, after having traced a par- 
ticular bed for some time, suddenly loses sight of it, and comes 
upon some other bed above or below it, according as the strata 
may have been elevated or depressed. The point where this 



214 


CLASSIFICATION OF STBATIPIED ROCKS. 


elevation or depression has occurred is called a fault. Tlie 
following figure represents a fault in Tynemouth Castle Cliff, 



SECTION OF A FAULT AT TVNEMOUTH CASTLE CLIFF, 


on the coast of Northumberland, observed by Professor Sedg- 
wick, and, though not of great extent, affords an illustrative 
section- In this locality the strata have been fissured, and 
shifted from their naturad situation. Faults are by no means 
uncommon in the coal-beds, and are the causes of great incon- 
venience to miners ; for it frequently happens that, after having 
worked a bed for some distance without impediment, it is sud- 
denly lost, and many months or years may be expended in the 
effoil to regain it. 

CXASSIFICATION OP STRATIFIED ROCKS. 

Having stated and explained the various appearances which 
stratified rocks present, and suggested the explanation of some 
difficulties that may be experienced by the geological student 
in the process of his inquiries, our next object must be to 
explain the classification which has been adopted. Plans of 
classification can only be considered as arbitrary arrangements, 
formed for the purpose of facilitating the study of the sciences, 
and of combining isolated facts. To form an advantageous 
classification requires a considerable knowledge of facts ; and on 
this account the systems adopted in the infancy of particular 
sciences have been found unsuited to their matnrer growth. 
This has been exemplified in the progress of geology. It was 
at first doubted whether a system formed upon the mineralogi- 
(!fil character of rocks, or upon their position in relation to one 
another, would be found most advantageous. This donbt was 
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removed by the increase of knowledge, and the latter plan has 
been universally adopted. 

The first classification of rocks was formed upon the discovery 
that some of them contained animal and vegetable remains, while 
others were destitute of them. The rocks lowest in the series, 
that is, those at the greatest depth to which our researches 
have extended, were found to be destitute of fossils, and were 
therefore supposed to have been formed before the creation of 
things that had life, and were arranged under a class called pri- 
mitive or primary ; while those which possessed these relics of 
organisation w^ere denominated secondary rocks. But as the 
science advanced, an intermediate class apjwared necessary to 
comprehend a series of beds formed of the fragments of primary 
rocks, and was adopted under the name of the Transition or 
Fragmentary class. Another division, called the Teitiary, to 
comprise the upper beds of the Secondary, has since been added ; 
so that, according to this system, the substances wdiich form the 
crust of the globe may be arranged in the four following classes, 
beginning w ith the lowest : — 

1. The Primary, or Crystalline, 

2. The Transition, or b'ragmentary. 

S. The Secondary, or Sedimentary. 

4. The Tertiary, or Upper Secondary. 

This classification was universally adopted in this country 
till the publication of ‘‘ Conybeare's Geology of England and 
Wales.” In this work a new aiTangement was adopted, and 
the crust of the earth was divided into five portions, fonning 
the following classes : — 

1. The superior, containing the tertiary deposits, 

2. The superinedial, containing the upper portion of the 
secondary class. 

3. The medial, containing the coal series and the lower por- 
tion of the secondary rocks. 

4. The submedial, comprising the transition rocks. 

5. The inferior, containing the primitives. 

The most convenient and useful classification that has been 
introduced, we think, is that proposed some time since by Mr. 
Dela Beche, in the Annals of Philosophy, and recently adopted 
with great success in his Manual of Geology. But there are 
many objections to the introduction of new dassifications ; and 
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geologists do not always adopt those suggestions which they 
may consider improvements. By using an established classifi- 
cation, the learned of different nations are able to understand 
each other s \Mitings ; but when new arrangements are adopted, 
a considerable time must elapse before a foreigner is made ac- 
quainted with the change ; and even then, prejudice in many 
instances prevents its adoption. Such alterations can only be 
effectually introduced by societies, or the combination of writei*8 ; 
for, generally speaking, an old nomenclature, with all its im- 
perfections, will be preferred to a modem improvement. But 
the system proposed by M. De la Beche is, in our estimation, 
so superior to all others, that wo are willing to hope it may 
be an exception to the general rule, and be adopted not long 
hence by geologists. 

All rocks may be divided into two general classes, stratified 
and unstratified; and this forms the first division of this system. 
The next general truth is, that the lower stratified beds do not 
commonly contain fossils, so that a subdivision of tlie stratified 
rocks is formed into fossiliferoiis and non-fossiliferous. It 
then only remains to arrange the strata in groups and for- 
mations, and wc at once obtain an easy and an intelligible 
system. 

It would be impossible to descril>e, in these pages, the pecu- 
liarities and relations of the beds that together constitute the 
crust of the earth. We shall therefore proceed to an investiga- 
tion of the unstratified rocks, and then make a few remarks upon 
the coal-measures in illustration of the statements advanced. 

UNSTRATIFIED ROCKS. 

The unstratified rocks are extensively distributed over the 
globe, but cannot bo said to occupy any constant position in the 
series, for they are occasionally associated with nearly all the 
several groups. It is now generally supposed by geologists that 
they derived their present appearance, and were placed in their 
present positions, by the agency of fire ; and upon this supposi- 
tion it is easy to explain the origin of the variety of appearances 
they present, and of the circumstances under which they occur. 
Sometimes we find them as masses resting upon stratified rocks, 
and presenting an appearance similar to that of the lavas which 
are ejected in the present day by volcanoes ; while at other 
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times they occur as vein-stones, .filling fissures which, in all 
probability, were formed by the pressure of the vapours which 
arose from the boiling mass. 

The unstratified rocks, as might be expected from their 
origin, greatly differ among themselves in mineralogical cha- 
racter. Even the same mass of rock will have a variety of 
appearances in different parts. Deriving their present condition 
from the action of heat, many compounds, whatever may be 
the number of minerals that enter into their composition, must 
be formed, some containing more, and others less quantities of 
particular substances, varying with the intensity of the heat 
that produced the rock. Some of the minerals that enter into 
the composition of the unstratified rocks being more easily 
liquefied than others, we may imagine that those which are 
difficult of fusion were not at certain periods reduced to a liquid 
state, while others less resisting the action of fire may have been 
ejected. To the shades of mineralogical distinction produced 
by this and similar adventitious causes, some wTiters have 
attached great importance, and have given names to the several 
varieties of rock ; but it may be doubted whether science has 
derived much advantage from this particularity, and it is pos- 
sible that the time expended in describing and naming them 
would in the present state of our knowledge have been better 
employed in determining their general characters and probable 
physical constitution. 

The importance of the unstratified rocks, in relation to the 
extent of space they occupy on the surface of the globe, is much 
inferior to that of the other class. In England they do not 
cover one-thousandth part of the surface, and the same obser- 
vation might be made in reference to many other countries. 
Generally speaking, they occupy the highest points of the dis- 
trict in which they occur, and some of the loftiest i)eak8 and 
ridges on the suiface of the globe are composed of them. It 
must not, however, be understood that they always occur in 
such positions; for although they compose some of the jioints of 
the gigantic mountain chains of South America as well as of the 
Alps, yet they sometimes are found on the sea-shore, as in many 
of the Western Isles. 

Another fact worthy of notice in relation to the unatratified 
rocks, is their great want of continuity. Stratified beds fre- 
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quently extend over considerable districts, and may be traced 
at the surface for many miles. The unstratified rocks, on the 
other hand, rarely occupy any considerable extent of surface, 
but protrude themselves among the stratified at considerable 
distances from each other, and in compamtively small quantities. 
“ In Scotland, it is not unusual," Dr. Macculloch states, “ to 
find a portion of some one of these rocks, of a few yards in 
diameter, separated for many miles from any other mass of the 
same rock, though it is ]K)ssible they may be united beneath 
the surface." 

A few observations may be made on the two classes of 
unstratified rocks, the granitic and the trappean. 

GRANITIC ROCKS. 

The tenn granite is derived from the word geraiiites^ and 
Tournefort, the celebrated naturalist, was the fij*st modem 
author who emidoyed it ; but at the time in which he wrote 
it had a much wider signification than is now given to it, and 
was used to designate a granular stone. 

The minerals which commonly enter into the composition of 
granite are quartz, felspar, mica, and hornblende, and the com- 
bination of any two or more of these constitute a granite. It 
must, therefore, be evident that granite differs greatly in its 
composition. Felspar is generally the most abundant mineral ; 
but this, as well as others, varies in its proportions, and is some- 
times absent. A granite of Mont Blanc is composed of felspar, 
quartz, and chlorite ; one in Aberdeenshire cemsists of felspar 
and hornblende ; and another in Perthshire, of quartz, felspar, 
and actinolite. Mr, Poulett Scrope, in his splendid work on 
Central France, speaks of a granite constituting a very exten- 
sive tract in the department of Haute Loire and Ardeche, which 
contains so much pinite that it is estimated to form a third part 
of the rock. It must, then, be evident that the composition of 
this rock is various, and its colour will depend upon tliat of 
the preponderating mineral. Granite was formerly supposed to 
be the primary rock, — that upon which all others were formed. 
This opinion is now found to be erroneous ; for although it fre- 
quently has its place beneath all the stratified rocks, yet it not 
uncommonly takes a higher position. Werner arranges tlie 
granites in three classes: first, the primitive, or that which 
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lies beneath all other rocks; secondly, that which traverses 
other rocks in veins, as may be seen in Iona, Barra, Tirey, and 
others of the Western Isles ; and thirdly, that whieh superposes 
other rocks, as at St. Gothard, where it rests on mica slate, and 
at Kielwig, in Norway, where it lies above clay slate. 

Granite is not abundant in England, but in Scotland and Ire* 
land it occupies a considerable extent of country. The granitic 
region of the eastern mountain chain of Ireland commences on 
the south side of Dublin bay, and stretches continuously to 
Blackstairs and Brandon. Those countries which consist of 
granite arc generally mountainous and rugged, and abound in 
sublime scenery. Glendalough, in Ireland, is a fine example : 
the lake, the precipitous sides of the jagged mountains, and the 
waterfall, will not fail to excite a state of mind often to he 
recalled with enthusiasm. 
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Mr. Bakewell has described a very remarkable appearance 
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presented by a granitic spire in the valley of Chamouny, which 
will give an idea of the chai'actcrof those mountainous countries 
in wliich g^wiite is the principal formation. “ The most strik- 
ing object in the valley of Chamouny,” says Mr. Bakewell, 
‘‘ next to the glaciers, is the Aiguille de Dm, a taper spire of 
granite, which shoots up to the height of eleven thousand feet 
above the level of the sea, and is apparently detached from all 
the surrounding mountains. The upper paxi;, or spii'‘e, rises 
nearly to a point in one solid shaft, more than four thousand 
feet in height ; it is utterly inaccessible ; its sides are rounded, 
and are said to have a polish or glazing like that which is some- 
times seen on gi*anite rocks exposed to the action of the sea. 
By what means it has been shaped into its present form it is 
difficult to conceive. When approaching the Glacier de Bois, 
it is impossible to view without astonishment this isolated 
pinnacle of granite, shooting up into the sky to such an amaz- 
ing height. 

But although granite is found in some of the highest chains 
of mountains, as the Himalaya and the Alps, it sometimes 
occupies comparatively level countries. A skilful geologist 
may generally detect the presence of this rock by the singular 
but almost indescribable diversity of outline it gives to a district. 
At one time we find it constituting a ridge of mountains, or a 
single peak, and in others it barely makes its appearance at 
the surface, as though the force which ejected it had been 
counterbalanced by the resisting force of the rocks with which 
it was covered. 


TRAP ROCKS. 

A number of rocks, having a resemblance to one another in 
mineralogical cliaracters, have been classed together under the 
general term of trap, from the Swedish word trappa^ a stair, 
because of the stair-like appearance they often present. The 
* varieties of this class of rocks greatly differ in appearance, the 
one from the other, and are designated by different names ; 
thus we have basalt, greenstone, clinkstone, and othei*s. They 
are supposed to have been formed, like granite, by the agency of 
fire, and are not only found intermixed with the stratified rocks, 
but have also filled up the fissures which have been made in 
them, and produced veins. 
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One of the most singular circumstances in connexion with 
the trap rocks, is the columnar structure they sometimes assume. 
The Giant’s Causeway and Fingal’s Cave are two justly-cele- 
brated examples. 

The Giant’s Causeway is situated on the Northern coast of 
Antrim, in Ireland. It commences, in one direction, at the 
base of a cliff rising to the height of six hundred feet above the 
level of the Atlantic. The Causeway consists of an immense 
number of columns which project into the sea to a considerable 
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distance below low- water mark. Its length, at low water, has 
been computed at about six hundred feet, and its greatest width 
at about two hundred and forty feet. The height of the 
columns varies : the majority are not more than twenty feet 
high, while others have been found to measure six-and-thirty. ' 
But besides the mass of columns which constitutes what is 
called the Giant’s Causeway, there arc a great number of the 
same kind spread over the country to a considerable distance : 
the causeway is in fact only a portion of a great area consisting 
of basaltic rock. 

Fingal’s Cave, in the Island of Staffa, one of the Hebrides, 
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ia formed of the same rock as the Oiant's Causeway. The 
entrance to this splendid cavern is about fifty feet broad, and 
one hundred hig“h. The entire length of the cave is two hun- 
dred and fifty feet. On each side there is a series of beauti- 
fully-formed and regular columns, and the broken pillars of 
the roof present the appearance of the enrichments of Gothic 



architecture. But if this oave,” says Dr. Macculloch, were 
even destitute of that order, symmetry, and richness, arising 
from the multiplicity of parts, combined with greatness of 
dimensions and simplicity of style, which it possesses, still the 
prolonged length, the twilight gloom, half concealed in the play- 
ful and varying eflects of reflected lights, the echo of the 
measured surge as it rises and falls, the transparent green of the 
water, and the profound and fairy solitude of the whole scene, 
could not fail strongly to impress a mind gifted with any sense 
of beauty in art or in nature. If to these be added that pecu- 
liar sentiment wuth which perhaps Nature most impresses us 
when she allows us to draw comparisons between her works 
and those of art, we shall be compelled to own it is not 
without cause tliat celebrity has been conferred on the cave 
of Fingal." 

Many other of the Western Isles exhibit beautiful examples 
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of the trap rocks, among which we may especially notice the 
picturesque island of Egg. The Scuir, which is the most 
remarkable appearance, is an immense columnar mass of trap, 
of that variety called pitchstone porphyry, and is upwards of 
thirteen hundred feet above the level of the sea. “Viewed 
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in one direction, the Scuir presents a long irregular wall crown- 
ing the summit of the highest hill, while on the other it resem- 
bles a huge tower. The clouds may be often seen hovering on 
its summit and adding ideal dimensions to the lofty face, or 
when it is viewed on the extremity conveying the impression of 
a tower, the height of which is such as to lie in the region of 
the clouds. Occasionally they sweep along the base, leaving its 
huge black mass involved in additional gloom, and resembling 
the castle of some Arabian enchanter, built on the clouds and 
suspended in the air,” 

We have mentioned a few examples of the columnar struc- 
ture sometimes assumed by trap roc'ks, but it must not be 
considered as a universal appearance. They are not unfre- 
queatly found to overlie the stratified rocks, and in this state 
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thej possess all the distin^ishing characters of recent volcanic 
products. It is not unusual for them to form groups or ridges 
of mountains, having considerable elevation and rounded forms ; 
and at other times, the districts in which they occur present 
low and gentle undulations. This tameness of outline may, 
perhaps, in some measure, be attributed to their igneous charac- 
ter, and the circumstances under which they were formed ; but 
in a still greater degree to the rapid disintegration of the rocks 
in consequence of the yielding nature of their material. There 
is, however, another form under which the unstratified rocks 
are presented to our notice, and that is as veins. 

GRANITE AND TRAP VEINS. 

It has been already stated that the unstratified masses are 
frequently found to traverse other rocks in the form of veins. 
From the appearance which is thus presented we gather an 
evidence that they have been in a state of igneous fusion, for it 
is only by this supposition that we can account for the existence 
of veins. If we imagine granite or trap, liquefied by heat, to 
lie beneath a stratified rock, it is evident that it may be forced 
into any fissure that is made, and form a vein, when it has 
solidified by cooling. So if a liquefied rock flows over anotlier 
rock, it will enter into all the openings in its surface. 

Some years since, when the Wernerian theory was in vogue, 
the existence of granite veins was doubted by many geologists, 
but we have now abundant examples. In the neighbourhood 
of the Lands End in Cornwall, in the Alps, and in many pai’ts 
of Scotland, particularly in Glen Tilt, they have been traced by 
many observers. 

These veins have been formed at different periods of the 
geological era. This fact is ascertained not only from the 
character and age of the rocks which are traversed, but also 
from the circumstance that, in some instances, veins are inter- 
sected by other veins, and the appearance that is presented at 
the point of intersection enables the observer to judge of their 
relative ages. 

Trappean rocks have also been injected among the stratified 
beds. There is, perhaps, no better locality for the examina- 
tion of these rocla than the coast and islands of Scotland, so 
well described by Dr. Macculloch. Jt is not always possible to 
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trace the veins of unstratified rocks to the mass from which 
they proceeded, but this may be done in the majority of cases, 
though in others, as can be readily imagined, the mass is too 
deeply seated beneath the surface of the earth. 

The size of these veins is exceedingly various both in length 
and breadth. They have been seen to decrease in breadth from 
many yards to a few inches, while they differ in length between 
miles and feet ; but it may be taken as a general rule that the trap 
veins are much more extensive than the granitic, and they arc, 
usually, more vertical. 

Veins also differ in another particular. Some are, as it were, 
immensely thick walls, and divide the strata without turning 



from their 'perpendicular direction. But others diverge from 
side to side, and are characterised by extensive ramifications ; 
this is generally the feature of granitic veins, and of the trap 
occasionally. 


METALLIC VEINS. 

Other substances beside the unstratified rocks occur in veins, 
and particularly the metals. The metallic ores are sometimes 
disseminated through the mass, as tin is in granite ; sometimes 
they are found in bunches, as in the copper mines of Ecton, in 
Staffordshire ; at other times they occur in beds, as in Thurin- 
gia ; but in England they are commonly found in veins, called 
lodes by the miners. It must not, however, be supposed that 
these veins are entirely filled with metal, for, generally speak- 
ing, the ore occupies only a portion of the vein, and the other 
part is either entirely empty, or filled with broken earthy sub- 
stances, called deads. 

Veins differ considerably in thickness. Humboldt observed 
a vein of sp/ir in the Alps of Switzerland, which was one 
hundred and forty feet thick. Metalliferous veins are generally 
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much narrower, but the mines of Pasco, in Pern, are situated 
in a vein of brown iron-stone, containing silver, which is thirteen 
hundred yards wide. Some of the tin veins of Cornwall are not 
more than three inches thick, while others are thirty feet. The 
general thickness of the copper and tin veins in this country is 
from a foot to three feet ; and it has been observed that the ore 
of these is much less intermixed with foreign ingredients than 
that of wider veins. 

When a vein that has been productive in one rock enters 
another, it very rarely continues to be equally rich ; and it is a 
remarkable fact, that veins are found to be rich or poor, accord- 
ing to the nature of the rock in which they happen to lie. 
The lead veins enlarge and become richer when they pass 
through sandstone or slate into limestone. It is well known 
that all the lead mines of Northumberland and Durham are 
situated in this rock ; and in these counties the deeper the veins 
are followed, the poorer they become ; but in tlm copper mines 
of Cornwall the deeper the veins, the richer they are found to 
he, and it is said they are never known to come to an end, 
although several of them have been traced to a depth of one 
thousand feet from the surface, and a few for fifteen hundred 
feet. 

There is only one ore of tin, called tlie native oxide, and it is 
sometimes, though rarely, found with the copper ores, but it is 
not at all uncommon for them to follow each other. Tin will 
perhaps be traced for eighty or one hundred feet, and then a 
course of copper ; but when a rich copper is found at the 
commencement of the vein, tin has never been known to 
succeed it. 

The most recent veins, which run north and south, are 
called cross veins, and pass through those which lie east and 
west. This circumstance leads us to the deduction that the 
east and w^est are older than the noith and south, which are 
usually filled with clayey substances, and contain but little ore ; 
the metalliferous veins are those that run east and west. A 
cross vein frequently disturbs the direction of a vein that lies 
east and west, and many months have been spent in the effort 
to find it again. Not long ago a vein was recovered four hundred 
and fifty feet from the cross vein that altered its course. 

The origin of metallic veins is not by any means so clear as 
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that of the granitic. It is quite possible that many of them 
may have been formed by injection from below, in the same 
manner as the veins of unstratified rock. But this supposition 
will not account for the alteration in the chai'acter and thick- 
ness of veins which has been observed when they leave one 
rock and enter another. The general tendency of the veins to 
take a north and south, or cast and w^est direction, is another 
fact unexplained by tills tlieory. It has been supposed that 
electricity has been an active agent in their formation, and the 
interesting experiments made by Mr. Fox give some probability 
to the opinion. Further resc^arch, how’ever, is neccssai‘y before 
any theory can be established. 

COAL-MEARUHES. 

Having explained the general characters and appearances of 
the two great chisses of rocks, the stratified and the unstratified, 
we shall proceed to illustrate their combination by the descrip- 
tion of one of those series of beds called formations. For this 
purpose the coal-measures may be chosen, not only because 
they funiish that most useful and important mineral, coal, but 
also because they are more adapted to our purpose than any 
otlier series of rocks. 

The coal-measures consist of numerous beds of sandstone, 
shale, or slate clay, and coal, irregularly interstratified. The 
coal does not occur as a single bed of considerable thickness, 
but as a series of distinct layers, in some instances as many 
as thirty or forty, altcniating with sandstone and shale. The 
nature of the coal-measures Mull be better understood by the 
following table of the beds which have been passed through at 
the coal -works of Rowley, in South Staffordshire, than by any 
description that could be given. 
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The slate clay, or shale, called by miners shivers and black 
metal, frequently forms nearly three-fourths of the mass 
constituting the coal-raeasures. The sandstone of this series is 
used, when hard, for grindstones, while the softer varieties are 
employed for filtering. Another l)ed frequently associated with 
the coal-measures is clay iron-stone, so called l)ecau8e of the 
large quantity of iron that is obtained from it. Next to the 
coal, it is the most important bed of the coal-measures. At the 
Merthyr Tydvil M^orks, in Wales, there are sixteen strata of 
iron-stone intermixed with numerous strata of coal. In the 
years 1805 and 1806, 26,253 tons of iron were obtained from 
the iron-stone at this place, and nearly three times as much is 
produced at the present time. 

The coal-measures abound in vegetable remains, and the coal 
itself is very generally considered to have had a vegetable origin. 
The great abundance of vegetable remains in the alternating 
l>eds of this formation is a strong reason in favour of the vege- 
table origin of coal ; and the state in which they are found, the 
woody parts being usually converted into coal, or a substance 
having nearly the same chemical composition, is one ai^ument 
in favour of tliis opinion. 

It is well known, that in many parts of our own country 
accumulations of wood and plants are found, wliich, altliough 
now mingled with the mineral deposits, at no very distant 
period were growing on the spot where they are buried. 
These vegetable deposits are found in different states ; some- 
times the wood is so perfect, that the character and species of 
the tree may be readily determined, while at other times it is 
much decayed, and has suffered so great a chemical change from 
humidity and pressure, that its vegetable origin can scarcely be 
recognised. That substance called peat, and used as fuel by 
the lower classes in many parts of this and other countries, is a 
vegetable remain of the latter kind. At other times we find 
vegetables changed into that well-known substance jet, of 
which boxes and other trinkets are frequently formed. Of the 
vegetable origin of jet lliere cannot be the slightest doubt, for 
instances have occurred in which one-half of the trunk of a 
tree has retained its natural character, while the other half has 
been converted into pure jet. The characters of this substance 
and an imperfect cod called cannel coal are the same, and their 
external appearances have frequently a close analogy. 
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A succession of changes from vegetation to coal may, there- 
fore, be traced, and this fact, independent of all other argu- 
ment, is some proof of the origin of the coal-beds. But 
there is no point of resemblance between the vegetables of the 
coal-measures and of the submarine forests w|iich have been 
formed in comparatively recent times, or are notv being formed. 
They are in both instances mingled with mineral deposits, but 
the plants belonging to the recent formations are not to he dis- 
tinguished from those which are now growing in the countries 
where these beds are found. The oak, beech, elm, alder, and 
hazel have been detected in the submarine forests, and with 
them the hazel-nut, as well as comminon household utensils 
and partly obliterated coins, all which are evidences of a recent 
formation. But the vegetables found in the beds associated 
with the coal liave no feature in common with those now found 
in England. 

The remains of plants in the coal-measures are, according to 
the opinion of the most celebrated botanists, such as could only 
have existed in tropical regions. Now if these plants grew in 
a country that had a temperature at least as warm as the tropics, 
one of two things must have happened : either they were drifted 
by water fre^m some very distant place, or, if they grew on or 
near the place where tlieir remains are found, the temperature 
of the earth must have changed since tlie formation of the coal- 
mettsures. 

The state of the vegetable remains forbids, according to the 
opinion of the most eminent geologists, the supposition that 
they were brought from any distance to their present situations 
by water. They are generally found lying flat, with their 
stems and leaves parallel to the direction of the strata, but this 
is not universally the case. Mr. Witham states, that he has 
found them in a vertical position, and especially notices the 
occurrence of a number of fossil vegetables beneath the high 
main coal at Newcastle, which had their roots fixed in a seam 
of coal, and presented an appearance as if they had been em- 
bedded in the spot on whicli they were growing ; and the same 
fact has been observed at St. Etienne by M. Brogniart. These 
facts are considered to oppose the supposition that the vegetable 
remains were drifted from any considerable distance to the spots 
where they are now embedded. 
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In addition to this ai^ument against the transport of tlie 
plants of the coal-measures, it is stated that they must all have 
been much more injured than they are, if they had been thus 
brought to their present situations. A plant of delicate texture 
cannot be long^in the water, unless at some depth beneath the 
surface, without decompositioii, or at least some injury to its 
external characters. But the vegetables found in t)ie coal- 
measures have not any such external marks of injury ; their 
leaves aie beautifully preserved, and their markings are exceed- 
ingly distinct. 

These considerations induce the belief, that the vegetable 
remains of the coal-measures could not have been transported 
from a distance, and consequently that they grow on or near 
the places where they are found, and tliat the surface tempera- 
ture of the earth has been changed. 

If this opinion be admitted, it becomes an interesting ques- 
tion to determine what causes have decreased the surface tem- 
perature of the earth in those northern latitudes where the 
remains of tropical vegetation have been dLscoven^d. It is 
supposed, by many geologists, that the interior of the earth had, 
at a former period, a much higher temperature than at the 
present time, and that the cooling of the earth has occasioned 
the alteration. Tliis opinion, maintained by Baron Humboldt 
and many other eminent geologists, would evidently be suffi- 
cient to account for the change that has happened since the 
supposed period when the tropical plants of the coal-measures 
grew’ on our soil. 

Mr. Lyell accounts for the change of temperature upon 
another princii>le. He considers the temperature of a place to 
depend upon the relative proportions of high land and sea near 
the poles. The higher the polar land, the greater will be 
the cold ; the more the land at or near the equator, and the 
greater the quantity of sea at the poles, the higiier will be the 
temperature and the more equably will it be diffused. In proof 
of tills, he states that arborescent fems grow in Van Diemen s 
Land, in 42 ° south latitude ; but a similar vegetation cannot bo 
found in the same latitude of the northern hemisphere, where 
the climate is less equable. This is attributable, he thinks, to 
the circumstance that there is more and higher land towards 
the north than towards the south pole. Mr* Lyells theory 
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will therefore resolve itself into the following statement : — that 
the superficies of the earth has been and is still clianging, by the 
agency of rivers, currents, earthquakes, volcanoes, and other 
causes; and that the variation between the proportions and 
situations of land and water is sufficient to account for any 
change of surface temperature that may have happened. 

But whatever theory may he adopted to account for the 
higher temperature of our earth at the time of the deposition 
of the coal-measures, there can be no doubt that the plants with 
which it abounds grew in a tropical climate. To supply the 
beds of coal which are found in om’own country^ the luxuriant 
vegetation of an cijuatorial climate was required, nor is it pos- 
sible to imagine the scanty resources of such forests as might 
exist in the present temperature of England to be sufficient for 
tliis purpose. But if the i*eader can imagine the state of the 
vast forests of Brazil, almost too thickly entwined to admit of 
human research, or the luxuriant and extended woods on the 
banks of the Missouri, and if he can form an estimate of the 
immense quantity of vegetable matter wliich is there produced 
all the year round, and year after year, for ages, he may 
approach, in fancy, the j)hy8ical condition of that country in 
which the vegetables of the coal-measures grew’ ; for such was 
the climate that nurtured, and such the forests that produced, 
the plants which were designed by the Creator to become the 
source of comfort to his unborn creatures. And we cannot avoid 
the remark, that there is here presented to our mind a most 
interesting display of the kindness which designed, and the 
superintendence that fulfilled, the great object of the Creator, 
— the production of a world suitable for the residence of man. 

So closely are the unstratified rocks associated with the beds 
of the coal-measures, tliat they have been considered almost an 
essential part of the formation. Although we ctm only consider 
them as occasional or frequent intruders, yet it cannot be denied 
that the coal-measures have been greatly disturbed by their 
injection, and that to them wc may trace the present condition 
of the formation. Immense walls or dykes of trap, many of 
which were evidently injected a considerable time after the depo- 
sition of the stratified rocks, are not uncommon in coal districts. 
The Cleveland dyke is an instance of this, for it pierces through 
four formations that were deposited after the coal-measures^ 
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These dykes, which are fissures filled with unstratified rocks, 
have acted as mechanical agents in contorting the strata, some- 
times to a considerable extent. The dyke, which extends from 
Whitby, in Northumberland, to Greenside, in Durham, has 
thrown down the strata, on the north side, about five hun- 
dred and forty feet ; hut this effect is to be attributed to the 
fissure made in the beds, and not to the ejection of a liquefied 
rock, for the opening is filled with clay. The dyke at Bar- 
treeford throws down the strata four hundred and eighty feet 
on its west side ; but a branch of the Coaly Hill dyke traverses 
the beds of the Walker Colliery on the Tyne, without causing 
any alteration in their level, though it is thirty-five feet thick, 
and quite vertical. There is a very considerable fault near 
Bilston, in the South Staffordshire Dudley coal-field, and it has 
the effect of reversing the dip of the beds ; on the south side of 
the fault they dip to the south, while on the north side they dip 
to the north, presenting an appearance not unlike the transverse 
section of a roof. 

If any further evidence were necessary to prove that the trap 
dykes were formed by the agency of heat, and at a period after 
the deposition of the coal-measures, that evidence might be 
gathered from the effect which has in many instances been pro- 
duced upon the coal-beds. The (✓oaly Hill dyke, which has 
been traced from the sea to the western side of Northumberland, 
has charred the beds of coal with which it is in contact. The 
Cockfieid dyke, which underlies the coal-measures of Durham, 
has reduced the coal in its vicinity to a cinder, and has sublimed 
the sulphur from the iron-stone. It once happened that the 
collieries of Durham caught fire, and continued to bum for 
many years. The heat which was thrown out was so great, 
that the vegetation on the land above the burning coal was 
accelerated, the temperature of the water was raised, and the 
clay in immediate contact with the burning fuel was converted 
into a species of porcelain jasper. From these statements it will 
be evident that coal is of vegetable origin, and that the unstratified 
rocks have been ejected among them in a heated liquefied state. 

It may not now be uninteresting to inquire by what means 
vegetables were converted into coal. A celebrated and highly- 
esteemed geologist once objected to the arguments that are 
usually employed to prove the vegetable origin of eoah One 
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of the strong arguments in favour of this opinion is founded on 
the abundance of vegetables inclosed in the coal-measures; but, 
says the opponent of the theory, by a parity of reasoning, we 
ought to ascribe the origin of those beds where large quantities 
of shells are found to the destruction of shell- fish. Could no 
other argument be used in favour of the vegetable origin of 
coal, the opinion must have been given up altogether ; but 
other reasons have been adduced for the support of the thcoiy’', 
and the combined evidence is conclusive. The strongest of 
these arguments is, the absolute formation of coal from plants. 
It has been already proved that jet has a vegetable origin, and 
it might therefore be supposed that it is capable of conversion 
into coal. To determine the problem experimentally, Dr. 
Macculloch reduced a quantity of jet to powder, and placed it 
in a gun barrel, covering it with clay. By exposing it to a 
moderately red lieat, the jet was converted into a substance 
having precisely the same chemical and external characters as 
coal, while the clay was changed into a substance similar to 
that found in the coal-measures, and called coal-shale. A 
similar formation on a large scale has been observed at Meisner, 
in Hesse. A thick bed of lignite is there covered by an enor- 
mous mass of basalt, from which it is separated by a thin bed 
of clay. The upper part of the bed of lignite is converted 
into coal, while the lower part still retains the fibrous w'oody 
structure. 

Gathering together the variety of evidence that has been 
alluded to, we are led to the conclusion, that vegetable sub- 
stances may bo converted into coal by the united action of 
moisture, pressure, and heat, air being excluded. The heat 
has, in many instances, resulted fi*om the actual ejection of 
volcanic rocks among the beds ; and where this has not occurred, 
the temperature of the earth has been sufficiently intense, from 
the peculiar activity of volcanic causes at the time, to produce 
the change. 

This brief account of the evidence which has been collected 
in reference to the origin of coal may serve as an example of 
the manner in which the geologist pursues his inquiries con- 
cerning the formation of rocks, and at the same time disabuse 
the minds of those persons vrho believe that his opinions are 
merely speculative conjectures. 
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ORGANIC REMAINS. 

It has been already stated that inany stratified rocks contain 
the remains of organised bodies, some of which are of the most 
i-emarkable character, and lead to important deductions. The 
wonder of thinking men has long been excited by the discovery 
of these in the solid strata of the globe, and tliat at great depths 
below the surface. Tliere is evidence that they were objects of 
attention, among the learned, long before the science of geology 
had a name, and some of the speculations which have i*eached 
us are little to be prefeired to the notions of the most ignorant 
peasants of our own day. But since men have been engaged in 
geological investigations, the study of fossils has risen to great 
importance. 

By the character of the organic remains, the relative position 
and age of a deposit may, as we have already shown, be fre- 
quently ascertained, for every series of beds contains some which 
are peculiar to itself. It is not alwa} 8 possible to assign to a 
deposit its proper position in the geological series by its minera- 
logical characters ; but if a collection of its fossils can be formed^ 
the difficulty vanishes, and its relative ago may be determined. 
Every series of beds, therefore, possessing fossils peculiar to 
itself, contains an index to its own mysterious history ; for not 
only is its position in the series revealed by them, but also the 
circumstances under which it was formed. 

The fact that every series of rocks contains fossils peculiar 
to itself, was first discovered by Lister, more than one hundred 
and fifty yeai'S ago ; but the honour of demonstrating it by 
extensive observation is due to Mr. William Smith ; and thus 
he has excited the naturalist, as well as the geologist, to extend 
his observations into the crust of the earth, where the remains 
of a race of beings, before entirely unknown, are discovered. 

The fossilised bones of animals are among the most singular 
ox*ganic remains. Bai‘on Cuvier, the celebrated French geolo* 
gist, was the first who commenced the study of these fossils. 
An antiquary of a new order, to use his own words, he was 
obliged at once to learn the art of restoring these monuments 
of past revolutions to their original forms, and to discover their 
nature and relations. He had to collect in their original order 
the fragments of which they consisted, and to reproduce the 
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ancient beings to which they belonged, with all their proportions 
and characters, as well as to compare them with those which 
now live on the surface of the globe. In effecting these objects 
he was assisted by naturalists and geologists in various countries, 
and by his labours the characters of many singular aiiinials 
were determined. 


RKrilLEfi 

None of the results of modern geology have attracted so much 
public attention as the discovery of the remains of many gigantic 
reptiles. There has been a time in the history of our world 
when these animals attained an aj)palling magnitude, and, riot- 
ing in the wide expanse of water, swayed the sceptre of uncon- 
tro verted power over all other created beings. The descriptions 
of the fabled monsters of antiquity which have so often delighted 
our childhood, lose all their character of exaggemtion, when 
compared with those that have been given of the reptiles whose 
bones are entombed in the solid strata of the globe. Some of 
these have evidently been fitted to live in the deep waters of the 
sea, W’hile others inhabited lakes and rivers; but they all appear 
to have existed at a period when the temperature of our earth 
was much higher than in any period within the range of history. 
Judging from the antiquity of the rocks in which the bones of 
reptiles are found, they appear to have been ci'eated long before 
the viviparous animals, and at a time Avhen the earth w^as unfit 
for creatures of a higher organisation. 

TJie first appearance of the bones of reptiles is in the beds 
lying immediately above the coal-measures, and they are found 
more or less abundant as high as the chalk deposit, but above 
this they entirely disaj)pear. During some part of the time 
that intervened between the formation of these two deposits, the 
reptiles must have existed in immense numbers, if we may 
calculate from the quantity of bones that are found. They are 
most abundant in a limestone rock called the lias, in wliich the 
bones of two extinct marine genera, the ichthyosaurus and ple- 
siosaurus, are very numerous. 

TUB icnTHVOSAiruiis. 

The ichthyosaurus, whose remains were discovered by Sir 
Bvorard Home, had a large head, enormous eyes, a short neck. 
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and a very long tail. It was evidently destined to live in the 
sea, being furnished with four broad and flat paddles, which it 
used to force its way through the water, and to direct its course. 
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This animal attained a length of from twenty to thirty feet. 
Its head and sternum resembled the lizard, its muzzle the dol- 
phin, and its teeth the crocodile ; its eyes were immense, and 
its teeth conical and pointed. 

THE PLERlOSAURUa 

The plesiosaurus resembled the ichthyosaurus in some par- 
ticulars, and had four paddles of a similar structure, but it differed 
from all other animals in the extreme length of the neck, and 
the number of vertcbrje of which it was composed. The neck 
of birds contains from nine to twenty-three vertebrse; and 
reptiles have from three to eight. But one species of the ple- 
siosaurus had tlxirty. This singular animal is supposed to have 



sw um on or near the surface of the water, carrying its head like 
a swan, and darting upon the fish on which it lived. For our 
knowledge of this interesting animal, we are entirely indebted 
to that very able geologist, Mr. Conybeare. When examining 
some vertebras of the crocodile and ichthyosaurus, found in the 
neighbourhood of Bristol, detected some remaiuH among them 
which appeared to differ from those of both genera. This sup- 
position was strengthened by hnding, in the collection of Colonel 
Bircli, a considerable portion of the skeleton of the animal, and 
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he immediately commenced his researches, hoping to obtain 
other bones of the newly-discovered genus, and in 1821 published 
a memoir conjointly with Mr. De la Beche, describing its clia- 
racters. At this time the head was wanting, but in the follow- 
ing year he obtained one that was tolerably perfect. In the 
year 1824, Miss Auning, of Lyme Regis, found a skeleton, nearly 
entii’e, by which Mr. Conybeare was able to complete his 
researches : such is the history of the circumstances by which 
we were made acquainted with the plesiosaurus. 

THE PTERODACTYLUS. 

The pterodactylus was a flying animal. It had the wings 
of a bat, and the structure of a reptile ; jaws with sharp teeth, 
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and claws with long hooked nails. The power which it had 
of flying, was not by means of its ribs, nor by wings witliout 
Angel'S, as in birds, but by wings supported by one very elong- 
ated toe, the others being short and furnished with claws. The 
remains of this animal were brought under examination by 
M. ColUni, Director of the Museum of the Elector Palatine at 
Manheim. There was at Arst some discussion as to the actual 
character of the animal. M. Blnmenbach supposed it to be a 
bird, and M. d© Soemmering classed it among the bats. M. 
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It appears to have formed a link between the monitoi*8 and the 
common lizards. A jaw of this animal measured three feet 
nine inches, and hence it was deduced that the entire length of 
the animal was about four-and-twenty feet. Its tail was much 
shorter in proportion to the length of its body than the croco- 
dile, but very broad, so that by its means it could force its way 
through the most stormy waters. It has no relation to the 
crocodile except in some partial characters, and the bones of the 
hand and feet have led to the supposition that it possessed a 
contracted fin, not much unlike that of the plesiosaurus. 

FOSSIL BIRDS. 

The bones of birds are less frequently found in a fossil state 
than those of other classes of animals, so seldom indeed that 
some persons have absolutely denied their existence in that con- 
dition. Baron Cuvier detected and described at least eleven 
species of birds obtained in the gypsum beds of Paris, and among 
them a bone which seemed to identify it with the celebrated 
Egyptian Ibis. The information, howev^er, that has been col- 
lected concerning fossil birds is extremely insufficient, if not 
uncertain. 


FOSSILISED REMAINS OF MAMMALIA, 

The remains of mammalia liave not been found in any bed 
below the chalk, and hence it has been supposed that they did 
not exist until the period immediately preceding the deposition 
of that rock. The existence of fossilised organic remains indis- 
putably proves that every bed iu which they occur has been, at 
some period, tlie superficial rock ; for whether the remains are 
6up|>osed to have been brought from a distance, or the animals 
themselves to have existed on the spot, it is certain the fossils 
could not have been disseminated through the bed, if it had not 
been uppermost. When, therefore, the remains of any animals, 
or class of animals, are found in some beds and not in others, 
we liave evidence that the animals or the class only existed 
during the period in which the beds themselves were deposited. 
Admitting the truth of these principles, the geologist deduces the 
non-existence of mammiferous animals previously to the forma- 
tion of chalk. 

Some few bones of individuals of the human race have been 
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found in beds containing fossils, but in all instances there is 
reason to believe that they have been casually introduced at 
some recent period. In turf- bogs, in alluvial deposits, in fissures 
of rocks, and in caves, the bony structure of man is sometimes 
found, but in no instance in such a position as warrants the sup- 
position that the human race was contemporaneous with the 
palsBotheria, or even with the mammoth and rhinoceros. It 
is true that human bones were found in some of the caves in 
France, and old pottery in those of Germany; but there is much 
evidence in favour of the supposition that they are of recent 
date, and cannot claim the same antiquity as we are compelled 
to give to the animal remains usually found in such situations. 
And yet there is nothing in the composition of the human bone 
to prevent its preservation ; there is no principle of premature 
decomposition in its construction. The bones of men are equally 
as well preserved in ancient sites of combat as those of the horse, 
and yet only the latter are found in a fossil state. F rom these facts 
it may be deduced that the human race did not exist at the same 
time with these animals, in places which the geologist has had 
an opportunity of examining. It is nevertheless possible that 
future inquiries in other countries may detect the presence of 
fossilised relics of man associated with the animals whose bones 
are found in the gravels and caves of Europe. It may also be 
mentioned that but few remains of monkeys, — the race which 
ranks next to man in anatomical construction, — have hitherto 
been discovered, although the bones of animals which now 
inhabit the same woods with them are found in abundance. 

For the knowledge that has been collected in reference to the 
nature of the mammiferous quadrupeds, we are chiefly indebted 
to tile laborious researches of the late Baron Cuvier. There is 
a scries of recent beds of gypsum, which occur in detached hills 
along the course of the rivers Marne and Seine, in wliich a 
number of bones have been found. I’he greater part of these 
belong to that order of animals which Cuvier has called the 
Pachydermata, or thick-skinned non-ruminont animals ; but all 
the species and many of the genera are extinct. There is one 
which may be particularly mentioned, called the palseotherium, 
an animal that had some points of resomblance to the rhino- 
ceros, the hippopotamus, the horae, the camel, and the pig. 
The remains of eleven or twelve species have been found, the 
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lai^est being about the size of a horse, the smallest not larger 
than a hare ; but they all had fleshy trunks like the tapirs, 
and lived on vegetables. 

The anoplotherium is another exinct animal, and has two 
remarkable characters : the feet have only two toes, and the 
teeth are a continued series, without any intervening gap, which, 
except in this instance, is only observed in man. 

In the superficial gravel-beds, and in some caves, a large 
number of the bones of mammiferous quadrupeds have been 
found, belonging to both existing and i-ecent genera ; but in 
nearly all those instances where recent genera are found, the 
species are observed to be distinct from those now existing. A 
large number of the bones of hyssnas, for example, have been 
collected in the caves of Germany, as well as in the cave of 
Kirkdale ; but Cuvier, after carefully examining them, could 
not detect the existiag species, though the animal had evidently 
all the habits which it is known to possess in the present day. 

The fossil elcpliant, or mammoth, w^as a most remarkable 
herbivorous quadruped, and attained an immense size. Judging 
from the number of bones which have been foimd in Europe 
and in America, it must have existed in herds of thousands. 
In very many of the gravel-beds in the valleys of our own 
country the bones of the mammoth have been discovered. It 
has, however, fortunately happened that an entire specimen of 
one of these animals was preserved in the ice of the northern 
regions. “ In 1790, a Tongoose fisherman observed on the 
borders of the icy sea, near the mouth of the Neva, in the 
midst of the fragments of ice, a sliapeleas mass of something, 
the nature of which he could not conjecture. The next year 
he observed that this mass was a little more disengaged. To- 
wards the end of the following summer, the entire side of the 
animal and one of the tusks became distinctly visible. In the 
fifth year, the ice being melted earlier than usual, this enor- 
mous mass was cast on the coast, upon a bank of sand. The 
fisherman possessed himself of the tusks, which he sold for fifty 
rubles. Two years afterwards, Mr. Adams, Associate of the 
Academy of St. Petersbugh, who w'as travelling with Count 
Gobovkin, on an embassy to China, having heard of this dis- 
coveiy at Y akutsk, repaired immediately to the spot. He found 
the animal greatly mutilated, but the skeleton was entire, with 
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the exception of a fore-leg. The neck was furnished with a 
long mane. The skin was covered with black hairs, and with 
a reddish sort of w'ool. The remains were so heavy that ten 
persons liad much difficulty in removing them. More than 
thirty pounds W’eight of hair and bristles were carried away, 
which had been sunk into the humid soil by the w’hite bears, 
when devouring the flesh. The tusks were nine feet long, and 
the head, without the tusks, weighed four hundred pounds.” 

The mammoth bears a close resemblance to the Indian ele- 
phant, but Cuvier considered it a distinct species. The height 
of the animal W'as from fifteen to eighteen feet, and it must at 
one period have existed in Europe, with the hippopotamus, 
rhinoceros, tapir, and other gigantic animals, whose bones axe 
found in the same deposits. 

niLlTVIAN ACTION. 

It is commonly believed by all those who have not studied 
the physical constitution of the globe, that the deposition of 
organic remains in the solid strata is attributable to a universal 
deluge; but this opinion is exceedingly erroneous, for the 
various beds which together fonn the crust of the globe have 
been produced at different times and under different circum- 
stances. But after the fonuation of all these beds, the earth 
was involved in a geneml catastrophe, and w^as overflowed by 
W’ater, or, according to some, a succession of deluges passed over 
the surface. The effects of this diluvian action may be con- 
sidered under the following heads : — the destruction of pre- 
existing rocks, and deposition of gravel ; the transport of large 
stones from their parent beds ; the formation of caves, and the 
scooping out of valleys. 

SUPERFICIAL GRAVELS 

1 1 is wtU knowm that many districts in this country are 
covered by beds of gravel, which consist of fragments of rock 
and rounded pebbles. These fragments and peebles will be 
found, if examined, to consist in many places of rocks which 
are not to be obtained in the neighbourhood w^here the gravel is 
deposited. In many districts of the midland counties of Eng- 
land, a nearly complete suite of rocks might be collected from 
the gravel, and must therefore have been carried from vaiious, 
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and some from very considerable distances. Mr. Phillips, 
speaking of the superficial gravel in Holdemesa, on the coast 
of Yorkshire, says: — “ The rocks from which the fragments 
appear to have been transported, are found, some in Norway, 
in the Highlands of Scotland, and in the moutains of Cumber* 
land ; others in the western and north-western parts of York- 
shire ; and no inconsiderable portion appears to have come from 
the sea-coast of Durham and neighbourhood of Whitby. In 
proportion to the distance they have travelled is the degree of 
roundness they have acquired.^' 

The distribution of these fragments of rocks could only have 
been effected by a vast body of water. From the facts that 
have been gathered by geologists, it appears that it took a direc- 
tion from north to south, over the British Isles, and, according 
to Mr. Phillips' statement, transported fragments from Norway. 
In this coui’se it was modified by hills and mountain ranges, 
which probably divided the body of water, and caused the 
many in-egularities which are to be observed in the deposition 

of the gravel- 
beds. In pass- 
ing over the 
surface of rocks 
it scooped out 
various cavities; 
and in nearly 
all places whej’e 

a a, BED OV OHAVXLi * b, STRATA SCOOPED OUT BY THK (Jjg 

Acrrov OP WATER. - 

gravel occurs 

tliis furrowed appearance may be observed, particularly in the 
chalk districts of Kent. 
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The action of the diluvian current was not confined to the 
transport of the small fragments which constitute beds of 
gravel, but in many places large masses of rolled stones, or 
boulders, are found, which having been tom away from their 
parent rocks, wem carried to a distance by the force of the 
overwhelming waters. Near Hayton Castle, in Cumberland, 
there is a spheroidal mass of gmnite, ten feet and a half in 
diameter, and more than four feet high ; and at High Peak, in 
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‘Derbyshire, there is another which is twenty-one feet long, ten 
feet high, and nine feet wide. The granite boulder, near Hay- 
ton Castle, is supposed to have been brought from the Criffel 
mountain, in Dumfries-shire, As early as the year 1740, Ehr- 
hart had ti’aced to the Tyrol the granite blocks found in the 
country situated between the Alps and the Danube ; and Von 
Buch ascribed those found in tlie north of Germany to Norway. 
Throughout the whole of Staffordshire, Cheshiio, and Shrop- 
shire, these blocks are distributed, and many of them are sup- 
posed to have been brought from the Cambrian hills. 

We have already stated that there is evidence of the passage 
of a body of water from north to south over the British Isles, 
and that evidence is strengthened by the positions of the trans- 
ported masses. “ But if," says Mr, De la Beche, “ the supposi- 
tion of a mass of waters having passed over Britain be founded 
on probability, the evidence of such a passage or passages should 
be found in the neighbouring continents of Europe, and the 
general direction of the transported masses should be the same. 
Now this is precisely what we do find. In Sweden and Russia 
large blocks of rock occur in great numbers, and no doubt can 
be entertained that they have been transported southward from 
the north. ” 


BONE CAVERNS. 

It is exceedingly difficult to determine when the bone caves 
which are so frequently found in rocks, and particularly in 
limestone, were formed ; but the probability is, that they were 
excavated at various times, and under different circumstanees. 
It is not, however, so much our object to speak of the caves 
themselves as of the bones which are so frequently found in 
them, though it must be at the same time stated, that these 
remains were, in all probability, brought into their present 
situations at a period not long subsequent to tho formation of 
the caves themselves. 

The existence of bones in caverns has been long known, and 
they have always been viewed with much curiosity. The 
limestone caves of Germany and Hungary, in particular, have 
been celebrated for the quantity of bones and teeth of carni- 
vorous animals which they contain. The bones which are most 
pumerous are those of the bear and thehyeena, the former being 
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a species as large as the hoi-se, and the h^’^na often one-third 
larger than any existing species. There are, however, mingled 
with these, the bones of tigers, wolves, foxes, and other animals, 
none of which are petrified or rounded by rolling. 

Some of the early accounts of these caves and their contents 
are very singular. Dr. Ebreeus describes one situated in the 
Lower Hartz, in the county of Holinstein, called by the country 
peojile Dwarf *s Hole. Here,” he says, “ are found the skulls, 
jaw'-bones, shoulder-blades, back-bones, ribs, teeth, thigh-bones, 
and all other bones of men and beasts ; and there are some like 
an unshapen mass or lump of stone, having no resemblance to 
any bone at all.” Such is the indefinite and absurd character 
of the accounts given by early 'writei's of the bones found in 
limestone caves. Professor Buckland commenced the philo- 
sophical investigation of the organic remains of bone- caverns by 
the examination of that of Kirkdale in Yorkshire. Since the 
publication of his large work ‘‘ Reliquse Diluvianse,” the subject 
has acquired a new interest ; many geologists have been actively 
engaged in the investigation ; and, although the information that 
has been acquired cannot be considered satisfactory, it may be 
hoped that the time is not veiy distant when the efforts that 
have been made will be attended with entire success. 

Kirkdale cave is situated between Helmsley and Kirby 
Moorside, about twenty-five miles from York. It was dis- 
covered in the summer of 1821, while cutting a quarry, and 
was visited by Professor Buckland in December of the same 
year. Its greatest length is about two hundred and forty-five 
feet, but it is so low that there are only a few places where a 
man can stand erect. A bed of soft mud entirely covers the 
floor of the cave, and beneath this the bones are found. The 
whole of the bottom of the cave, from one end to the other, was 
strewed with teeth and bones, presenting an appearance like 
that of a dog’s kennel. The greatest quantity were found at 
the mouth of the cavern, but in all places the bones of both 
large and small snimalB were mingled together. 

The remains of twenty-three species of animals were dis- 
covered in the Kirkdale cavern ; the hy»na, tiger, bear, wolf; 
fox, and weasel ; the elephant, rhinoceros, hippopotamus, and 
horse; the ox and three species of deer; the hare, rabbit, 
wter-rat, and mouse ; the raven, pigeon, lark, snipe, and a 
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small species of duck. Nearly all these bones presented a 
fractured and gnawed appearance, and except teeth and some 
hard and solid lx)nes, none were found perfect ; but there were 
some fragments of jaw-bones belonging to the deer, hysena, and 
water-rat, which contained their teeth, and were in a state of 
good preservation. 

From the gnawed and fractured state of the bones, the manner 
in which they were strewed over the floor of the cave, and the 
great abundance of hy®nas* teeth over all others, Dr. Buckland 
infers that the cavern was the den of hycenas for a long succes- 
sion of yeare, and that the bones of other animals are the remains 
of tliose bodies which they dragged into the cave for food. 
During this time there was, as the Doctor supposes, an irruption 
of muddy water, which deposited the bed that now covers the 
floor of the cavern and preserved the bones from that destruction 
which would have resulted from their exposure to the air. 
Many of the bones were found to be polished on one side, while 
the other remained rough, ’which is attributed to the friction 
produced by the animals walking or rubbing themselves upon 
the exposed surface. How many hyaenas have existed in this 
cavern cannot be very readily dete^roined, but there is evidence, 
it is said, of at least two or three hundred. The supposition 
that the Kirkdale cave was the den of hyasnas is, according to 
the opinion of the Professor, favoured by the certainty that 
these animals died at various periods of life, for while some of 
their teeth bear marks of extreme old age, being abraded to 
their very sockets by continual gnawing, there are others which 
have belonged to exceedingly young animals. 

The German caves of Gailenruth, Kuhloch, Scharrfeld, and 
Baumanns Hdhle, contain abundance of bones, but the greater 
number of these belong to tw'o extinct species of bear. Sir 
Philip Egerton, who has recently visited these places, states in 
a letter to Professor Buckland, that bones of pigs, birds, dogs, 
foxes, and ruminantia were fouiui in all the caves he visited, 
and, what is still more remarkable, old coins and iron house- 
hold implements of roost ancient and uncouth forms in that of 
Rabenstein. This discovery seems to throw an add itional interest 
over the existence of bones in caves, and especially when con- 
nected with the fact that the remains of man have been found 
in the South of France mingled with the bones of the extinct 
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rhinoceros and other animals. It may, even in the present 
state of our knowledge, be deduced that the bones of all caves 
have not been carried to their present situation at the same 
period or by a universal cause ; but we cannot expect to gain 
much additional information until travellers pay some attention 
to the condition of the country around the caves they visit, as 
well as to the collection of bones. If we possessed as full and 
accurate accounts of the many bone^cavems whose names we 
know, as Mr. De la Beche has given of tliat of Plymouth, there 
would be little difficulty in determining their eras. “ At Oreston 
quarries, Plymouth, clefts and caverns in limestone rocks have 
afforded numerous remains of the elephant, rhinoceros, bear, 
ox, horse, deer, and other animals, buried, more particularly in 
the case of clefts, beneath considerable angular masses and 
smaller fragments of 1 imestone. I n one instance which I noticed, 
the animal remains occurred beneath ninety feet of such accu- 
mulations, the bones and teeth lieing confined to a black claj’' 
under the fragments. The remains of bears, rhinoceroses, 
hyaenas, and other animals contained in the celebrated Kent s 
Hole, near Torquay, belong to the same district. In the super- 
ficial gravel of this part of the country, the remains of animals 
of the same kind as those detected in the caverns have not yet 
been discovered ; but if we continue our researches eastward, 
we shall find them in the valleys of Charmouth and Lyme ; 
thus, apparently, giving these remains of elephants and rhi- 
noceroses the same relative antiquity as those beneath fragments 
in the clefts of rocks near Plymouth, and probably also as those 
contained in the caverns at the same place, and at Kent's Hole. 
It will be remarked that the animal remains which seem to 
imply a warmer climate existing at that time than at present, 
occur in low grounds, fissures, and caves. Upon the former they 
may have lived, and into the two latter they may have either 
fallen, or been dingged by beasts of prey ; the elephants pro** 
hably browsing on branches and herbage, the rhinoceros pre- 
ferring low grounds, the beats and hyaenas inhabiting caves, and 
the deer, the ox, and the horse ranging through the forest wid 
the plain ; all which supposes land fitted for them, and there- 
fore hill and dale. Consequently valleys were scooped out pre- 
viously to the existence of the elephants; and if a mass of water 
acted on the Icmd destroying these animals, it must have been 
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influenced in its direction by the previously existing inequalities 
of surface/’ This remark leads us at once to make a few ob- 
servations on the formation of valleys, as a fourth result of 
diluvian action. 


; FORMATION OF VALLEYS 

All valleys have not been formed in the same way : some 
are due to the elevation and some to the depression of the strata 
which compose the adjacent hills, and others to partial slips or 
dislocations of rocks. To these we need not refer in the fol- 
lowing remarks, for the statements already made in relation 
to stratification and its disturbance must have suggested the 
thought that valleys were produced by the unequal elevation 
and depression of the mineral masses. 

But there are valleys which have been produced by water. 
Some geologists suppose that they >vere caused by the action of 
rivers and the bursting of lakes, while others attribute them to 
the irresistible force of a vast diluvian current, which, sweeping 
over the surface, scooped out these channels for the passage of its 
watei’s. The dispute between the advocates of the two theories 
was once more violent tlian philosophical ; but each party has 
now probably seen tliat both theories may be true in particular 
instances. W e cannot understand how the action of a river or the 
bursting of a lake could have produced many of the valleys in 
our own country ; but it is probable that the ravines and 
gorges, or, in other words, the narrow defiles which, bounded 
by perpendicular walls of rock, communicate between more 
open spaces, may have been produced by these causes. 

The valleys that have resulted from the action of water have 
been divided into two classes, valleys of elevation and valleys 
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of denudation t the one resulting from the combined action of 
subterranean and aqueous causes, the other from the action of 
water alone. 
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The valleys of elevation were fonned by the fracture and 
upheaving of strata, and the subsequent removal of the disin- 
tegrated parts by water. In all the valleys of this description, 
as may be readily observed, the strata, though once continuous, 
are upheaved, and by the removal of the point w’here the strata 
met, the valley is formed. 

Valleys of denudation are those which have been produced 
by the action of vast bodies of water at a period subsequent to 
the deposition of the most recent of the ancient rocks. This 
fact is proved by the undisturbed position of the beds on each 
side of the valley. The rock found at the mouth of the Seine 
is covered by green sand, to the exclusion of many beds which 
usually intervene between them, and the same irregularity 
occurs in the opposite coast of Lyme ; from which it may be 
deduced that these two places were once united. So on a smaller 
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scale it will be observed that many of the valleys in Devons 
Dorset and Kent, and more or less in those found in all other 
counties and districts, have the same beds on each side, and 
generally in such a direction that a line carried from one side 
to another would he in the plane of the stratification. “If 
a person were to see,*’ says Mr. Calcott, “ the broken Myalls 
of a palace or a castle that had been in part demolished, 
he would trace the lines in which the walls had been carried, 
and in thought fill up the breaches and re-unite the whole. 
In the same manner, when we view the naked ends and broken 
edges of strata on one side of a valley, and compare them -with 
their corresponding ends on the other, we cannot but per- 
ceive that the intermediate space was once filled up, and the 
strata continued from mountain to mountain.” Such effects, 
we think, can only be attiibuted to the action of moving floods 
of water, and these of the most impetuous character ; and it 
may be remarked that, while they acted upon the surface of 
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rocks, breaking down every impediment, they transported boul- 
ders and accumulated the components of the superficial gravel. 

It will, then, appear, if the statements and deductions ad- 
vanced in the preceding pages be admitted, that the crust of the 
earth has been formed by a succession of causes differing from 
each other in character as w^ell as in intensity. The condition 
of the earth w hen it proceeded from the hands of the Creator, 
and w'as thrown into space to perforin it ceaseless revolution 
round the orb of day, geology does not pretend to determine ; 
nor does it assert, that any of the rocks w’hich now compose its 
crust formed, in their present condition, a part of the primordial 
mass. But there is abundant evidence to prove that the present 
arrangement of rocks is not that w'hich they had at the begin- 
ning. The agents of destruction and decomposition are every- 
where active ; and from the very constitution of matter it may 
be deduced that their agency must have been influential from 
that instant when the particles of matter were united together ; 
and consequently^ we may expect to find the effects of these 
causes on the surface of the earfh itself. Observation proves 
that the expectation founded on the consideration of present 
causes is not fallacious ; for the rocks which compose the crust 
of the earth bear evidence of the variety of causes w^hich have 
acted upon them. But this evidence is not confined to the con- 
stitution of the beds themselves, for we may deduce many facts 
as to the condition of the earth at distinct periods, from the 
nature and condition of the organic remains wdiich are found in 
the several deposits. 

The effect of water in abrading and destroying rocks will be 
best understood by an examination of the vast deposits of clay, 
sand, and gravel, found in rivers, seas, and oceans, differing in 
no respect from the beds of the same nature known to constitute 
in part the crust of the earth. The aqueous causes which now 
act upon the surface of the earth differ from those which pro- 
duced rocks in no other circumstance than in their want of 
intensity, the greater energy of the destroying agents at former 
periods depending upon the peculiar physical constitution of 
the earth. 

The relative positions and superficial extent of land and 
water have been constantly changing, not slowly and imper- 
ceptibly, as in the present day, but by the activity of causes the 
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effects of which have been almost instantaneous, upheaving the 
bed of the ocean and deluging the dry lands. In some instances 
the cause, and consequently the effect, has been local ; but at 
certain periods there w*as probably a \iniversal convulsive 
movement of tlie entire crust of the earth, when element war- 
ring with element involved all nature in one general ruin. The 
distorted and shattered condition of some rocks assures us of the 
truth of this statement; the hardest mineiuls have been melted 
by the intensity of the heat; while the vapours which have been 
generated have tom asunder the mightiest masses, and afforded 
an exit to the melted rocks. 

It must never be forgotten that the ultimate object of geo- 
logy is to gain some information concerning the formation of 
the earth, the causes employed, the circumstances under which 
these causes acted, and the physical condition of districts at 
each successive period of its existence. To gain this knowledge 
we trace the superposition of rocks, the changes which have 
occurred, and the organic remains they contain. The facts which 
geologists have discovered are, therefore, only tlie rudiments of 
their science, the principles to which tlie process of induction 
must be applied. 

TEMPERATURE OF THE INTERIOR OP THE EARTH. 

There are many circumstances which induce us to believe 
that the interior of the earth has a much higher temperature 
than its surface. From the experiments of Professor Mitcher- 
litch and others, we learn that mineral substances may be made 
to assume a crystalline form when cooled from a state of fusion ; 
and this result, connected with other facts, proves that many 
of the ciy’stalline rocks were produced by the ag^cy of fire. 
The existence of more than two hundred active volcano<^ 
affords evidence that there is an intense internal heat ; and the 
lavas they eject are so analogous in appearance and composition 
to certain of the trap rocks, that it is not possible to deny them 
an identity’^ of origin. These observations have compelled 
geologists, in spite of early prejudices, to admit the agency of 
fire in the production of some rocks, and in the modification of 
the present state of the earth s crust. W e should not perhaps 
greatly err from the truth, were we to state that all the causes 
which are now instrumental in producing a change in the 



INTBRNAIi HEAT. 


253 


relations of land and water have always been active, and at 
former periods produced much more violent eifects than they 
do at the present time. However disastrous and sudden may 
be the changes which occasionally affect certain districts, these 
effects are doubtless but trifling, when compared with those 
which W’ere not of unfrequent occurrence during the formation 
of the earth's crust. This remark is as true in relation to the 
agency of fire as to that of water. The causes of disturbance are 
now placed under a control which they themselves were made 
instrumental in producing ; a circumstance that gives us a high 
sense of the arrangements which the Creator adopted in the first 
constitution of the earth. 

The exhibitions of Tomboro, Teneriff, and other large 
volcanic mountains, arc not worthy to be compared with the 
energy of the same force, when it upheaved continents, formed 
mountain chains, and covered the face of countries and conti- 
nents with lavas. All nature is now in a comparative state of 
repose; the forces that once devastated the earth with an 
internal and superficial war have almost ceased to act ; and the 
eartli being thus prepared for the residence of man, he is per- 
mitted to enjoy the patrimony that God has given wdth little 
disturbance from those numerous enemies by which he is 
surrounded. 

The appearances tlrat are presented by rocks in almost all 
countries strongly support the supposition that the interior of 
the earth has a much higher temperature than its superficies, 
though it may have been long and is still decreasing. We are 
not yet able to assert this as the result of experiment, but 
from the observations that liave been made upon the tempera- 
ture of mines, it is, we think, quite certain that the heat 
increases from the surface downwards. There are, however, 
many difficulties connected with the investigation of this subject ; 
and the sources of error which affect the results of all the 
experiraonta that have been made, lead many persons to believe 
that the comparatively high temperature of mines and other 
excavations may be traced to local causes, independent of any 
increase of internal heat. It is true that the breath of the 
miner, and the heat given out by tlie lamps, as well as by the 
explosion of gunpowder, are calculated to raise the temperature 
of mines, and to vitiate the results obtained by experiment. 
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But the errors thus produced are in some measure corrected by 
the circulation of cold air through the galleries of the mine ; 
for as one mass of air becomes heated it expands, and escap- 
ing, is replaced by cold air, which rushes in. Now whether 
experiment be made upon the terapemture of the air, or 
of the water in the mine, or of the rocks themselves, the 
effects of these disturbing causes must be estimated. Some 
geologists, however, attribute the increased temperature of 
mines and other excavations entirely to these local causes. 
There is sometliing like an unwarrantable scepticism in this 
opinion; for admitting and allowing for the influence of these 
deranging causes, there is evidently a resultant which increases 
wu'th the depth, and can be only attributed to an increasing 
interior temperature. About three hundred observations had 
been made in various countries previously to the year 1827, at 
depths varying from 127 to 1700 feet, the results of which 
have been combined by M. Cordier ; and they severally lead 
to the same conclusion, — a subterranean temperature increasing 
with the depth. M. Cordier has endeavoured to allow for the 
erroi's to which these experiments were liable, and has probably 
approximated to the truth, although the difficulties connected 
with the investigation are undeniably greater than might at 
first be imagined. If the temperature of the water found in 
mines be taken as a criterion of the temperature of the depth 
at which it is c*btained, it will be necessary for the observer to 
consider whether it came from above or below its present 
situation, and to allow for the heat it received or gave out in 
passing through rocks. If the temperature of the rock itself 
be taken into account, an allowance should be made for the 
contact of the air, and of the w'ater that percolates through it. 
After estimating the value of these as nearly as possible, M. 
(Jordier deduces from the experiments generally, and from his 
own in particular, a scries of interesting and important principles. 

It appears, tlien, that there is an increase of temperature 
according to the depth from the surface of the earth ; an increase 
which is not at all dependent on the solar rays, but belongs 
essentially to the condition of the mineral components of the 
< artli s body. This increase of subterranean heat in proportion 
to the depth does not follow the same law in all places, for in 
some countries the ratio between the depth and the increase of 
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temperature is much greater than in others. From experiments 
made beneath the ObseiTatory of Paris, it was deduced, that at 
that place a depth of fifty-one feet corresponds with an increase 
of one degree of heat ; from which it would follow, admitting a 
similar continued increase, that the temperature of rocks, at a 
depth under tlie city of Paris of about a mile and a half, is equal 
to that of boiling winter. But the same results are not obtained 
in all places, for we have a variety of depths as the index of an 
increase of one degree in temperature, varying from twenty- 
four to one hundred and four feet. It is probable that tlie 
difference between the increase of temperature in relation to 
the depth at different places, may be in some measure attri- 
butable to errors connected with the experiments themselves ; 
but it is not wholly referable to this cause ; and we must con- 
cede, after estimating every error, that there is a certain irre- 
gularity in the distribution of subterranean heat which has 
no constant relation to the latitudes and longitudes of places. 
The mean increase of temperature is calculated to be a degree 
for every forty-six feet ; but this result cannot be considered as 
perfectly accurate, nor is it possible to determine whether there 
be any lines upon wdiich the depth and the incrcfise of tempera- 
ture would have a constant ratio to one another. Many other 
experiments are necessary ; and they sliould be made not only 
w’ith the intention of ascertaining the ratio between the increase 
of temperature and the depth at particular places, but also to 
fix those lines, if there be such, upon 'which the ratio is the 
same. We may hope to accomplish this desirable object, and 
it will be the duty of succeeding j^es to repeat the experiments, 
to ascertain whether these ratios are constant, or whether they 
are influenced by duration, to fix their relation to the isody- 
naraic zones, and to the line of no variation. With the most 
industrious exertion it will require a considerable time to solve 
these interesting problems, for we have as yet taken but the 
first step towfirds the investigation of the subject. Two things 
however are certainly determined, — the increased subterranean 
temperature, and its variation of amount in different places. 

A simple reliance upon these facts, without an dlusion to 
theory, could scarcely be expected of the most cautious philo- 
sopher. Let it be admitted that the temperature continues to 
increase from tlio surface to the centre of the earth at the rate 
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of one degree for forty-six feet, and it follows that at tlie centre 
there is a temperature equal to 450,000® of Fahrenheit's scale ; 
and at the depth of about sixty miles, there is a temperature 
sufficient to fuse a)I known rocks. These deductions are believed 
by some philosophers, while others are unwilling to admit them ; 
for although it may be proved that subterranean temperature 
does increase within the depth to which examination has 
extended, limits may be assigned to this increase. It is perhaps 
unwise to press the facts to which we have alluded into the 
service of any particular theory ; but at the same time, if it be 
true that the interior temperature increases proportionally with 
the depth in all those places in wdiich experiments have been 
made, it will be difficult to assign any depth at which there is 
a maximum temperature. 1 1 is this, in all probability, tliat 
has led M. Cordier and others to believe that the tempera- 
ture continues to increase even to the centre of the earth, though 
at every depth it is by the progress of time becoming less, from 
the radiation at the surface. 

It is no new doctrine that the centre of the earth is in a state 
of igneous liquidity, though the supposition has but recently 
been brought within the range of experiment. Some of the 
ancient philosophers, imagining the principle we call heat to 
have a material existence, supposed the interior of the earth 
to receive and retain a portion of the solar rays, and thus 
to have stored up a laboratoiy of calorific matter suited to 
produce those phenomena acknowledged on all hands to result 
from a greatly increased temperature. Other persons imagine 
the earth to have been origin^y in a state of igneous fluidity, 
but that in proportion to the decrease of surface temperature, 
there was a condensation of aqueous vapour on its surface, and 
oceans, seas, rivers, and lakes v«^ere consequently produced, with 
all those results which are now known to proceed fk)m the 
motion of the water. To account for the primitive intumes- 
cent state of the earth, some have supposed it to be a part 
of a comet that was brought in tlie course of its wandering 
within the attractive influence of the sun, by whom it was 
enchained, and compelled to perform an undeviating attendance 
around him. Others have fancied that it must be a fragment 
from the body of the sun itself, ejected in a liquid and ignited 
state. La Place, the celebrated French astronomer, calculates 
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ks history from a period when it was floating in space as 
nebulous matter, having no greater consistence tlian the morning 
cloud. With these hypotheses we have nothing to do ; they 
are monuments of record to the folly of great minds ; but as 
they are without foundation, they cannot long exist, even t<» 
serve as warnings to future adventurous theorists. 

Having shown the results to which we may be brought by 
deductions from well-authenticated experiments, and by ima- 
gination unrestrained by philosophy, it will not be undesirable 
to ascertain wliat may be gathered trom some of those prin- 
ciples which philosophers universally admit as true. Whatever 
opinion may be entertained concerning the igneous liquidity of 
the interior of the earth, there can he no reasonable doubt, 
admitting tlie truth of the laws of gravitation, that there is an 
increasing subterranean temperature. Now, it has been proved 
in a former chapter that atmospheric air has different densities, 
dependent on the pressure to which it is subjected and the force 
of gravitation ; and as air has a greater density at the level of 
the sea than on a high mountain, so its density must be greater 
in a deep mine than on the surface of the earth. But it is well 
known that heat is given out by bodies when their pfirticles are 
compressed, and this, in part, accounts for the fact, that tempera- 
ture increases, as the elevation above the sea decreases. The 
very increase of atmospheric density would therefore raise the 
temperature of the air in deep mines, and although it may not 
be sufficient in itself to account for all tlie results that have 
been obtained by experiment, it is worthy attention. Mr. Ivory 
has calculated that one degree of heat will he evolved from air 
when under a condensation equal to 1-1 BO; and if a volume of 
air be suddenly reduced to half its hulk, the heat given out 
would be e(pial to 

But solids as well as vapoui's give out heat wdien com- 
pressed. A piece of iron by fre(pient hammering may he 
made I'cd hot. Now it may be easily proved that the 
density of the mineral constituents of the earth is in pro- 
portion to their nearness to the centre, and const'quently their 
temperatures will he in the same proportion. There are two 
antagonist forces acting upon the surface of the earth, centrifu- 
gal force and gravitation. The rapid revolution of the earth 
on its axis generates a force which urges every particle to leave 
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its combination, and to fly off into space as an independent atom 
of matter — this is the centrifugal force ; but its influence is 
restrained by the force of gravitation, which gives each particle 
a tendency to fall to the centre, and entii’ely prevents the sepa- 
ration which would follow from the unrestrained activity of the 
centrifugal force. But the effects of the two forces are not more 
distinct than the laws by which they are governed. The cen- 
trifugal force increases with the distance from the centre ; the 
force of gravity increases as the distance diminishes. It will, 
therefore, follow, that the density of the earth increases in pro- 
portion to the depth from the surface ; and as heat is given out 
by comjjression, the subterranean temperature must increase 
with the depth. 

Admitting the truth of the arguments that have been em- 
ployed, and the deductions that may be drawn from them, it is 
not diflicult to account for the various results that have been 
obtained by expeiiments on the internal heat at different places. 
It is well known that the earth is composed of a number of 
substances having distinct physical properties. There are some 
that have a great capacity for heat ; there are others that are 
good conductors ; while a third class may be altogether devoid 
of both these properties. If we could suppose all the mineral 
compounds that comj)ose the earth's body to be perfect con- 
ductors of heat, there would be a constant current towards the 
surface, and a radiation from it. There is such a current ; but 
all the mineral masses are not conductors, and when a heated 
stratum is sunounded with a substance which cannot conduct 
heat, the temperature must be retained. We need not, there- 
fljre, \ye surprised that different results should be obtained, at 
the same relative dejjths in distant places, a circumstance, ne- 
cessaiily resulting from the peculiarities of bodies in regard to 
the principle of heat. It may, perhaps, be supposed by some 
Iversons that this variation in the temperature at equal depths 
may be aided by a local chemical action. Within certain limits 
this may possibly occur, and produce casual variations in the 
general law, but we do not believe tliat chemical action can be 
exerted under the enormous pressure that exists at comjmra- 
tively small depths. 

In this way the existence of an increasing interior heat may 
be deduced, withont adopting the supposition that the whole 
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globe was originally in a state of fusion, and that by the radia- 
tion of heat, and the consequent cooling of the upper portion of 
the mass, beds of primitive rock were formed. Nor do we 
perceive an absolute necessity for supposing the interior of the 
earth, at any former period, to have been in a constant state of 
igneous fluidity, though the reasons adduced are sufficient to 
prove that there is throughout a considerable increase of heat, 
and possibly in some places an absolute liquidity. 

M. Cordier, who admits the igneous liquidity of a large por- 
tion of the earth’s body, has apjdiecl the supposition to the 
explanation of volcanic action in an ingenious manner. He 
supposes volcanic phenomena to result from the gradual cooling 
and consequent contraction of the interior of the earth. The 
contraction of the refrigerating crust is said to produce an enor- 
mous pi*e8sure upon the interior fluid matter, in many eases 
equal to 28,000 atmospheres, and to force a portion of the fused 
rocks through a vent already formed, or to produce a new aper- 
ture for emission, I)y breaking away the solid enist in those 
places where it has least power of resistance. In support of 
this opinion, he adduces the following singular calculations. 
From the measurement of the matter ejected by different vol- 
canoes, he calculates that the extreme limit of the product of 
an eruption is less than one cubic kilometre, or 1,808,044,971 
cubic yards. Now* if the mean thickness of the crust of the 
earth be G2*l miles, its contraction producing a decrease of the 
radius of the central mass equal to 12G94th of an inch, w ould 
be sufficient to produce a violent eioiption. M. Oordier then 
proceeds to state, tliat, allowing five eruptions every year, the 
difference' between the contraction of the solid crust and that of 
the internal mass would not shorten the radius of that mass 
more tlian '03087th of an inch in a century^. 

That volcanic eruptions are the effects of a high interior 
temperature we have no doubt, but many valid objections might 
be urged against M. Cordier's theory. 

From the short analysis that has been given of the facts and 
reasonings by which a higher interior temj>erature may be 
proved, it will be evident that it is not easy to determine the 
general law^s by which it is governed. If the central portion 
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of the earth be in a condition of igneous liquidity, the solid 
crust which envelops it must be of iii^equal thickness; for 
the fusing points of mineral substances ai^e separated by wide 
intervals of temperature, and their conducting powers are not 
less unequal. Hence there must be a considerable differ- 
ence in the amount of radiated heat, unconnected with the 
situation of the place on the surface of the globe. This view of 
the subject connects it with the question of climates, the diver- 
sity of which has long attracted the attention of piiilosophcrs. 
But at present we cannot even guess the influence which the 
determination of this hypothesis may have upon the solution of 
many problems that have long perplexed the philosopher. In 
the present condition of our knowledge, the details that have 
l>een given may be somewhat uninteresting to the general 
reader, but we anticipate that, when the principles are deter- 
mined, which are within the reach of experiment and physico- 
mathernatical reasoning, the subject will be second to none in 
importance or interest. 

If it be true that temperature increases with the depth, there 
will be little difficulty in explaining many jdienomen/i, the 
causes of which are now matters of conjecture. The disturb- 
ance of the ancient rocks, and the ejection of volcanic j)rDducts 
among tliern, as well as tlie existence of modern volcanoes, 
earthquakes, and thermal springs, are easily accounted for, if 
the statements that have been advanced be admitted. But we 
must now proceed to an explanation of the appearances which 
we supp(»sc to result from them, and review the opinions which 
8(nne other persons liave entertained as to the origin of the 
same phenomena. 


VOLCANOES. 

Geology was for a long time a combination of hypotliescs, but 
for many years past it has been advancing towards the rank of 
a practical science. But altlioiigh it has gained much by the 
industry and zeal of those who have devoted themselves to its 
improvement, it is still necessary that some care should be 
exercised iti the admission of statements as facts, and all 
hypotheses should be examined with a jealous regard to the 
advancement of science. So long as Stalil and Beecher haunted 
chemistry with their phlogistic phantom, every phenomenon 



VOLCANIC ACTION. 


201 


was wrapped in the mist which it generated ; and so the random 
conjectures of cosmogonists have enveloped the facts recorded 
upon the page of material existence* In describing the geolo- 
gical constitution of the earth, we are accustomed to speak of 
the agencies which we suppose to act upon it as though it could 
not exist, unless it preserved the character with which it has 
been invested by our imagination, and could not have existed 
at all unless it had been formed according to our own plan. 
Now geologists are cured of the mania by which their prede- 
cessors were afflicted, and direct their energies to the discovery 
of truth, our knowledge of igneous forces, and the phenomena 
wdiich attend volcanic activity, will soon, it is hoped, ]>e so much 
increased as to enable us to determine, with much more certainty 
than has been before possible, the extent and relations of the 
volcanic cause. There was a time, and it is almost within tlic 
remembrance of some of our readers, when the Mounts Etna 
and Vesuvius were univemlly considered the types of volcanic 
activity, and the existence of the igneous cause was detennined 
by a comparison of phenomena with those which attended the 
eruption of those celebrated mountains. The extensive obser- 
vations made by the men who have recently engaged in the study 
of rocks, have already given us a more accurate conception of 
volcanic action, have expostjd to view many facts probably 
connected with the cause, and made us tolerably acquainted 
with the geogi*aphical position of mountains and their periods 
of activity. 

There is a great want of definite application in the use of the 
words volcano and volcanic cause. Sometimes they arc employed 
as synonymous with the terms igneous effects and igneous agen- 
cies, while at other times they are only employed in relation to 
elevations which eject from their summits or cones fused rocks, 
and the cause which gave them birth. Some wTiters include in 
the expression, volcanic action, the phenomenon of hot springs ; 
some add to this the ejection of mud, as at Turbaco, in South 
America ; while others confine it to the positive projection of 
liquefied mineral matter from the interior of the earth. Now, 
however certain it may be that many phenomena derive their 
origin from the energy of the same cause, yet some difference 
should be made in descriptive language, and therefore, instead 
applying the term volcano to all those appearances in which 
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heafed substances are ejected from below the surface of the 
earth, we shall confine its application to the spots where lique- 
fied rocks are, or have been in modem times, ejected. 

Volcanoes, according to our definition of them, may be divided 
into two classes, active and extinct. There is some difficulty 
in detemiining wliether a volcano is extinct or not, for craters 
which have not suffered eruption for ages have suddenly assumed 
their former activity, and spread their liquefied contents over the 
adjacent districts. We must then consider all volcanoes to Ix" 
extinct which have not been active during the historic period ; 
but should any of these hereafter exhibit proofs of a continued 
existence of the agent, they may then be classed among the 
active cones. 

The most interesting scries of extinct volcanoes with which 
we are i>ersonally acquainted is that of Auvergne, in France. 
The most recent of these had certainly no relic of activity at 
the time Julius Ciesar invaded Gaul ; for although he encamped 
upon them, he has not in his Commentaries alluded to their 
volcanic origin. How long before this they ceased to present 
those phenomena which attend cniption must be a matter of 
speculation, as the most ancient historical records of the country 
do not in any way refer to tliera. 

The most recent part of this district is that to the w^est of 
Claremont. Tliis fact is determined by tlie position of the 
lavas, and not by any distinctive characters in their composi- 
tion ; for it is well known that all deductions formed upon the 
differences of chemical constitution in the ejected materials, are 
exceedingly en'oneous. But when the geologist traces a bed 
of lava down a contiguous valley, he is justified in supposing 
that it was ejected after the valley was excavated ; and, 
on the other hand, when it occurs as an outlier, and caps the 
hills which surround the valley, he may then conclude that 
the valley was formed after the ejection of the lava, as its ex- 
cavation has destroyed the continuity of the bed. Now, it is 
generally acknowledged that such valleys were formed by the 
last diluvian forces ; wo have therefore a convenient and natural 
division of extinct volcanoes, into ante and post diluvian. 

Let us suppose, for the sake of illustration, that the outliers, 
tf, 6, c, are composed of a volcanic rock, having the characters 
necessary to identify them as parts of the same mass. It is 



I’ock ia therefore antediluvian. But if the cone d and a con- 
tiguous valley should be covered with a bed of lava, it would 

sjKjken of as a postdiluvian formation. 

There is one district which, above all othci*8, would repay 
investigation, and probably lead to some important results : we 
refer to the country around the Dead Sea. From the Sacred 
Writings we learn, that the spot now called the Dead Sea 
was the well-watered and fertile plain of Jordan, in which 
Lot resided when the cities were overthrown. From the cha- 
racter and distribution of the ancient lavas, pumice, and other 
volcanic productions found in this district, we may deduce 
that the overthrow of the cities, aud tlie formation of the sea 
or lake, were produced by a now extinct volcano, situated to 
the south-east of the lake. The wells of naphtha and the hills of 
sulphur are spoken of by all travellers who have visited this 
desolate country, and in some places, it is said, the soil is so 
impregnated with these inflammable inatciitils that it may be 
easily set on fire. Pumice, obsidian, and ashes, ai'e scattered 
over the face of the country ; and craters have been discovered 
in various j>art8 among rocks of sienite and poi*phyry. 

Dr. Daubeny has given a very interesting account of this 
district, in his work on Volcanoes; but in some particulars we 
differ with him as to the origin of the Dead Sea. “ 1 sliould 
suppose,'’ he says, ‘‘ that the same volcano which destroyed the 
cities of the plain, threw out at the same time a current of lava 
sufficiently considerable to stop the course of the Jordan, the 
w'aters of which, unable to overcome the barrier, accmmulated in 
tlie plain Siddim, until they converted it into the present lake.” 
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The natural termination of the river was thus altered; its 
estuary, whicli the Doctor supposes to have befoitJ opened into 
the Elcmitic branch of the Red Sea by Ahaba, was entirely 
destroyed ; and the waters w^hich w’cre brought down from the 
mountains of Antilibanus were dissipated by evaporation from 
the Dead Sea, which is a mere accumulation of them, its extent 
being determined by the temperature, which induces evaporation 
from its surface in proportion to the quantity brought into that 
sea by the Jordan and other streams. 

Although we admit the accuracy of the general outline of the 
geological picture which T>r. Dauheny has drawn of the Holy 
Land, before the catastrophe which destroyed the Cities of the 
Plain, there is one feature which appeal’s to us inaccurate — the 
southerly direction of the Jordan. He speaks of a great longi- 
tudinal valley, discovered by Burckhardt,as the channel through 
w’hich its waters were once discharged. But the probability is, 
that this river was either lost before it reached Ahaba, or it 
turned to the west after passing through the Vale of Siddim, 
and fell into the Mediterranean Sea ; for we cannot imagine that 
so small a river as the Jordan, fed by so few auxiliary streams, 
could find its w^ay thix)ugh the broad gorges of El Araba and 
Ei Ghor, the stream itself being constantly decreased by evapo- 
ration. This question, however, can only be solved by a careful 
examination of the country. Nor do we believe that the Dead 
Sea is an accumulation of water brought into the Vale of Sid- 
dim by the Jordan ; for it appears to us far more probable that 
the earth on which the devoted cities stood sunk at the time 
of their destruction, and that the lake was then immediately 
formed, as in the case of Enphemia. But whatever may have 
been the manner in w’hich the volcanic agent acted to produce 
the effect, it would be exceedingly interesting to know some- 
thing of the present appearance of the district, and the distribu- 
tion of the lava over the neighbouring valleys. 

It has been already stated that it is not uncommon to find 
volcanic rocks, or at least rocks which so much resemble those 
noAv ejected by volcjanoes, that few geologists doubt their igneous 
origin, alternating with, or enclosed by, stratified deposits. The 
rocks of this class are known by the generic term trap, and are 
specifically designated greenstones, basalts, and porphyries. 
The rocks of the Pic du Midi de Bigorre, for instance, and the 
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limestones especially, are generally superposed by trap. At 
Christiana, in Norway, slate, and the rock called gi’auwacke, are 
covered by a bed of poiphyry, not less than sixteen hundred 
feet in thickness ; and at Holmestrand the same mass passes 
into a fine-grained basalt. In the island of Skye, red sandstone 
is traversed by a great number of trap veins, and is sometimes 
superposed by the same rock. At Lamlash, in the Western 
Isles, sandstone, conglomerate, and clinkstone, are traversed by 
a vein of spheroidal trap. 

ACTIVE VOLCANOES. 

Active volcanoes may be divided into two classes, the aerial 
and the subaqueous ; that is to say, those which have their 
craters exposed to the action of the atmosphere, and those which 
are under water. It will be readily sujjposed that there must 
be a consideiable difference in the character of tin* j)henomena 
which attend their activity under these two circumstances ; a 
difference which has in fact some I'clation to the density of the 
medium by which the agency is restrained. Our know ledge of 
the phenomena which precede and attend subaqueous eruption 
is exceedingly limited ; but still it will be necessary to consider 
the appearances which result from the eruption of volcanoes 
under both circumstances. 

THE PHENOMENA WHICH GENERALLY PRECEDE VOLCANIC 
ACTIVITY. 

In every age of the world there have been some wdio, sepa- 
rating themselves in part from the common pursuits of man- 
kind, have devoted a portion of their time to the investigation 
of natural phenomena. These men have attempted to discover 
the causes wdiich others have considered as the secrets of 
Almighty Intelligence, and have delighted themselves with the 
contemplation of the beauty of created existence, and the wis- 
dom displayed in its formation. But those who have been 
unimpressed by nature in her periods of repose, have been 
attracted by lier appearance in the moment of sublime excite- 
ment. The accuracy of this remark will be admitted by per- 
sons who have never witnessed a more violent convulsion than 
that produced by a passing thunder-storm, and still more by 
those W^ho have seen mountains themselves slmken anil Ev 
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the impetuous action of subterranean fires. The importance 
which men attribute to uncommon appearances, and particu- 
larly to those of a fearful character, has been the menns of 
supplying us with an ample fund of information concerning the 
states and effects of those volcanic mountains w’hich exist in 
countries inhabited by, or known to, those whom we designate 
tile ancients. 

The phenomena which precede volcanic eruptions alw^ays 
present, whcTcvcr they may occur, a great similarity of cha- 
racter, though they may vary in their intensity. The apparent 
energy chiefly depends upon the force required to ojien a passage 
for the liquefied mass, and the attendant gaseous fluids. If the 
vent of a volcano be much obstructed by the accumulation of 
lava in the fissure through wliich ejection has on former occa- 
sions taken place, a greater power will be required than w’ould 
be otherwise necessary, as the fissure must be re-opened and the 
lava elevated ; and if it be necessary to form an entirely new 
vent a still greater force must be brought into action, and that 
in proportion to the solidity, position, and weight of the super- 
jKised mass. There is not, we believe, a single instance within 
the range of historical record, in which a new vent has been 
formed in a country never before the seat of volcanic action. 
1 1 is not uncommon to hear of the activity of volcanoes that have 
been for centuides inactive, nor is it improbable that cntiiely 
new vents are sometimes formed in those situations where the 
same powder has been before exerted. In both these cases the 
groat obstruction presented to the volcanic agents by superjvosed 
rocks has been removed by former eruptions, and therefore hut 
little increase of power is reejuired to force a passage for the 
melted materials. 

Volcanic eruptions are generally preceded by earthquake, 
and the phenomena which are known to attend that terrible 
disturbaince of the earths stability. Loud rumbling sounds 
ai*e heard, the air has a mournful stillness, as though ccmscious 
of the coming darkness, the electric fluid bui^sts in broad 
flashes over the smoking summit of the mountain, and nature 
itself seems to be dressed in mourning habiliments. These 
appearances may last for hours or for days, and sometimes the 
fears which they excite are not realised, but after a brief 
convulsion, natural objects resume their accustomed appearance. 
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It must not then be supposed that earthquake is always fol- 
lowed by volcanic eruption, for there are some countries so 
insecurely based, that the inhabitants might live in the momen- 
tary expectation of being covered by the ground on which they 
tread, though a volcano does not actually exist within hundreds 
of miles. Captain Bagnold states that in twelve months, during 
his residence at Coquimbo, on the coast of Chili, he felt no 
less than sixty-one shocks of earthquake, not calculating the 
slight(T movements to which the surface is still more frc(|uently 
subject. 

PHENOMENA RESULTING FROM VOLCANIC AC TIVITV. 

The period and intensity of volcanic eruptions are in nearly 
all cases irregular, and we have consequently no moans of 
arranging the several mountains in classes for the sake of a 
more accurate comparison of their effects. Sometimes a moun- 
tain will be in a state of violent parox^^smal eruption, and 
when this has j>assed away, it may be for y cal’s agitated wdth 
})artial throes of but little intensity, or fall at once into a state 
of prolonged slumber. These variations arc common to nearly 
all volcanic mountains, and consequently we cannot arrange 
them permanently by the character of their activity, though we 
may, in considering the phenomena they produce, form a general 
division, founded on the period and intensity of eruption, that 
will considerably guide us in the study of the phenomena. 
There are in fact three classes of volcanic activity, — permanent 
eruption, moderate activity, and prolonged intennittenees. 

VOLCANOES IN PERMANENT ERUPTION. 

It is said that there ai'e not more than three volcanoes which 
are in a state of permanent activity : that of Strom boli, one of 
the Lipari Isles ; the Devil’s mouth, in the Lake of Nicai*agua ; 
and that in the Isle of Bourbon. 

Stromboli has b(‘en in a state of constant activity for more 
than two thousand years, and is a good type of this class. Lava 
seldom overflows its crater, but large masses of burning rock 
and scorifie are incessantly ejected in a per])endicular direction. 
This phenomenon, accompanied by a loud explosion, occurs 
every seven or eight minutes, of w’hich fact w^o are infonned by 
Pliny, as wx‘11 as by modern travellers. 



2(>8 VOLCANO OF STROMBOLI. 

Dolomieu examined this interesting mountain, and has given 
the following description of its eruptions : — “ The inflamed 
crater is on the north-western part of the isle, on the side of 
the mountain. I saw it dart during the night, at regular 
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intervals of seven or eight inmutcs, ignited stones, which rose 
to the height of more tlian a hundred feet, forming rays a little 
divergent, but of which the greater quantity fell back into the 
crater, w^hile others rolled even to the sea.” 

On the following day he ascended an eminence above the 
crater, from which he obtained a still more interesting view, 
“ The crater,'* he says, “ is very small ; 1 do not think it 
exceeds fifty paces in diameter, having the form of a funnel 
terminating in a point. During all the time I observed it, the 
eruptions succeeded with the same regularity as during the 
preceding night. The approach of the eruption is not announced 
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by any noise or dull murmur in the interior of the mountain, 
and it is always with surprise that one sees the stones darted 
into the air. There are times when the eruption is more 
precipitate and violent, and stones describing more divergent 
rays are thrown into the sea at a considerable distance.” 

It has been stated by Oolomieu, Hamilton, and Scrope, on 
the authority of the islanders, that during the winter seasons 
the eruptions are far more violent than in summer, and that 
atmospheric changes may be generally predicted from the 
appearance of the crater. Sometimes during the storms of 
winter, the cone is split, and large cun-ents of lava are 
discharged. 

In the Island of Volcano tliere is a crater which at some 
former period must have been active, and still emits gaseous 
vapours, which prove the continued existence of the volcanic 
cause. ‘‘ The operations of this volcano,” says Dr. Daubeny, 
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“ exhibit perhaps the nearest approximation to a state of 
activity, during which a descent into the crater would have 
been practicable. 

‘‘ Nor can I imagine a spectacle of more solemn grandeur 
than that presented in its interior, or conceive a spot better 
calculated to excite, in a superstitious age, that religious awe 
which caused the island to be considered sacred to Vulcan, and 
the various caverns below as the peculiar residence of the 
Gods.*' 
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Q,uam RiibtfT, spociis, et Cyclopum exesa oaminis 
Antra Etnca tenant, vaUcllque ineudibus ictus* 
Auditi refenint gemitura, striduntquc cavernis 
Strictura; Chalybum, et fornacibus ignis oxxhclat, 
Vulcani domus ct Vulcania nomine tellus. 


VOLCANOES IN MODERATE ACTION. 

Volcanoes are in the phase of moderate activity when they 
are in a state of prolonged but inconsiderable excitement. 
Under this class we may place the volcano of Popocatepetl, in 
Mexico, which was found in this phase by the discoverers of 
the country. Such also was the condition of Vesuvius from 
the commencement of this century to the year 1822. 

Signor Maria Geramellario has given, from a meteorological 
journal kept at Catania, a very interesting view of the succes- 
sive changes of Mount Etna, at a period in which it was in the 
phase of moderate activity ; and no description could convey so 
accurate a conception of the ever-changing phenomena. 

On the 0th of February, 1804, there was a sensible earth- 
quake. Etna smoked ninetj^-seven days, but there was no 
eruption nor any thunder. 

On the 8rd of July, 1805, there was an earthquake. FJtna 
smoked forty-seven days, and omitted flame tw^enty-eight days. 
There was an eruption in June, but no thunder. 

There were earthquakes on the 27th of May and 10th of 
October, 1806. The mountain smoked forty-seven days, flamed 
seven, and detonated twenty-eight : little thunder. 

On the 24th of February and 25th of November, 1807, there 
were earthquakes. Etna smoked fifty-nine days ; little thunder. 

In August, September, and Decembtir, 1808, earthquakes 
were frequent. Etna smoked twelve days, flamed 102, and 
often detonated. Thunder-storms were frequent. 

From January to May, and during September and December, 
1800, there were thirty-seven earthquakes. The most scmsible 
shock was on the 27th of March, when the mountain ejected 
kva on the western side. This eruption lasted thirteen days, 
and part of the Bosco di Castiglione was injured. The mountain 
smoked one hundred and fifty-two days, flamed three, and 
detonated eleven. Little thunder. 

On the 10th and I7th of February, 1810, there were four 
earthquakes. On the 27th of October, Etna was in a state of 



THE PHASE OP PAROXYSMAL VIOLENCE. 271 

eruption on the eastern side, and the lava flowed into the Valle 
del Bue, There were about twenty thunder-storms. 

IBll, no earthquakes, but the mountain continued until the 
24th of April to eject lava from the east. At this time the 
Mount St. Simon was fonned. No thunder. 

Earthquake on the 3rd and 13th of March, 1813. The 
mountain smoked twenty-eight days. On the 30th of June, 
and on the 5th of August, St. Simon smoked. There were 
twenty-one thunder-storms. 

On the 3rd of Novcin])er, 1814, there was an earthquake, 
preceded by a discharge of sand from that part of the mountain 
called Zoccolaro. There were twelve thunder-storms. 

On the Gth of September, 1815, there was an earthquake. 
The mountain smoked forty- two days, and there were eleven 
thunder-storms. On the Gth, 7th, imd 11th of January the 
lightning was tremendous. 

181G, no earth([uakcs. On the 13th of August a part of tlie 
interior side of the crater fell in. Ten thunder-storms. 

There was an earthquake on the 18th of October, 1817. 
The iijountain smoked twenty-two days. There were eight 
thunder-storms. 

During 1818 there were twenty-five earthquakes. The 
most violent was in the neighbourhood of Catania, on the 20th 
of February. The mountain smoked twenty-four days. No 
thunder. 

The phase of moderate activity is not very common, and the 
instances which have been adduced will be sufficient to ac([uaint 
the reader with its general cluiractcr. 'Fhe effects of the 
volcanic cause, even when it assumes the moderate characters 
we have described, are sufficient to excite fear and surprise in 
the mind of any man who has not been accustomed to witness 
such phenomena ; hut those who have si;en a paroxysmal 
eruption from an elevated cone after a period of long quiescence, 
would not much regard these comparatively puny efforts. 

tut: phase op i»ahoxysmal violence. 

The phase of paroxysmal violence, or, as it is usually called, 
long interm ittences, is characterised by lengthened periods of 
repose, followed by violent, though transient eruptions. Baron 
Humboldt has stated that lofty volcanoes are always in this 
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state. The volcanic mountains of the Andes have not, generally 
speaking, an eruption more than once in a century ; and the 
Peak of Tcneriffe, (plate 8,) which was active in 171>8, had 
not, at that time, been disturbed for ninety-two years. It 
must not, however, be supposed that this volcanic condition is 
confined to elevated cratem, for the histories of other mountains 
give abundant instances to the contrary. 

The phenomena which accompany eruption are nearly the 
same in all cases; varying in intensiiy, and consequently in 
the violence of their eifects. In some cases the phenomena 
and tlie effects are confined to the immediate neighbourhood of 
the excited mountain ; while in other instances, and it is 
generally the case w^hen the mountain is in tlie phase of 
paroxysmal intensity, the effects are felt for many miles round 
the active cone. The cx])losions of C'oto])axi (Plate 9) have 
been heard at a distance of 000 miles. 

The activity of a volcano generally commences wdth a 
detonation, wdiich is succeeded by others less loud, and tlie 
escape of aeriform fluids. Large fragments of rock and masses 
of lava are usually projected by these discharges, some of which 
fall back into tlic crater, and are rcdischargcd, until they are 
reduced to powder, and mingle with the surrounding atmosphere 
of heated vapour. The accumulation of t]ie>se particles pro- 
duces the appearance of dense clouds of smoke, which almost 
invariably surround the summit of the crater. 

The lava tlien rises to the vent of the mountain, and finds an 
egi*ess from the crater, or from some lateral opening. In some 
cases, how’ever, scoria? alone are projected. Huring the day, 
the lava is generally hidden by the aqueous vapours wdiieh 
arise from it, but at night it appears of a glowing heat. 
Wliile the lava continues to flow, the detonations arc fre<jucntly 
less violent ; but there is no proof of the diminution of the 
paroxysm until the mountain ceases to eject ; and even then 
peace is not immediately restored, for scoria? and masses of 
rock are often thrown out for some time after the dreadful 
crisis is past. 

When the detonations become less frequent, nnnhling sounds 
are heard, as the retreat of mighty waters ; and the mountain 
seems gradually to yield to exhaustion, or to sink into a state of 
partial rest, occasionally disturbed by explosions, and the ejec- 
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tion of scoria?. Towards the conclusion of an eruption, that 
is, after the lava has ceased to flow, tW surrounding country 
is frequently enveloped in dark clouds of black-coloured sand, 
or a white comminuted pumice. 

The lofty mountains seldom eject lava from their summits, 
but from lateral openings; for it requires far less power to 
open a passage in the side of the mountain than to elevate tlie 
intumescent mass to the summit. In the last eruption of 
Tenerifle a lateral opening was formed ; and, according to a 
calculation by M. Daubuisson, it would have required a force 
0(]uivalent to a thousand atmospheres to have raised a mass of 
lava to the elevated crater of the mountain. 

Wc may now adduce a few examples of activity in the j)hase 
of paroxysmal violence ; and the difficulty is, not to fmd a 
characteristic type, ijut to choose from the many authenticated 
tmd interesting details that are to be found in the page of 
philosophical record, 

Vesuvius was in this pliase in the year 171H. The first proof 
of the api» roach of the dreadful eruption which haj>j>encd at 



this time, was during the night of the 12th of June, when a 
severe shock of earthquake was felt at Naples, and over tlie 
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surrounding country. Nothing more occuiTcd to rouse the fears 
of the inhabitants till the evening of the 15th, when the earth 
was again violently agitated. Shortly after this an opening 
was formed on the western base of the mountain cone, which, 
on after examination, was found to be 2375 feet in length, and 
237 feet in breadth, and a stream of lava was ejected. Not 
long after the volcanic action had commenced, four distinct hills 
were formed, composed of lava., from each of whicli stones and 
other ignited substances were thrown in sueli quick succession, 
that it api)eared as if they were each ejecting a vast flame of 
fire. At this time the lava flowed in great abijndance, taking 
its courso towards Portici and Resina. I'he inhabitants of 
T orre del Greco, rejoiced to see a prospect of tlieir escape from 
the destroying fluid, were assembled together to return thanks 
for their deliverance, and to supplicate for their unfortunate 
neighbours, when they received the inelanclioly tidings that 
the lava had changed its direction, and was a})}>roaching their 
town. In flowing down a declivity, it had divided itself into 
tliree streams ; one directing its couise towards St. Maria del 
Pagliano, another towards Resina, and a third towards l.a 
Toi-re. 

During tlic whole of this time tlie mountain was greatly 
convulsed, and deep, hollow sounds were heard, which, together 
witli the impetuous ejection of the lava, shook the mountain 
to its very base. W’Jien the oscillatory^ motion of the moun- 
tain ceased, the sounds became less frcMjuent, but more dis- 
tinct ; tlic lava flowed more abundantly ; and the action seemed 
as though it were suffering under the last paroxysm of its 
dying energies. This was about four o’clock in the morning 
of tlic IGth, and at that time the inturaescent mass had spread 
itself through all tlie streets of I'orre del (Jreco, and from 
thence liad flowed into the sea, covering its lied 3f>2 feet beyond 
the margin of tlic water, the current having a breadth of 1127 
feet. The distance from the point of ejection to the place when‘ 
its progress was arrested was 12,0(11 feet. 

During the progress of the eiaiption the summit of Vesuvius 
wa.s perfectly quiescent, and no remarkal^le jdienomonon was 
observed round the crater. But towards the dawn of day, the 
heights of the mountain were hidden by" dense vapour loaded 
with comminuted sand, which, spreading itself, in a short time 



ERUPTION OF TOMBOUO. 


275 


covered the whole country — the sun itself being hidden by an 
impenetrable mantle of clouds. 

It is impossible to describe the hon’ors of that night, in 
which Vesuvius ])oured out its terrible fury on the beautiful 
country in hich it is situated. The fiery ejections and the 
iuexpres&i])le groans of the mountain, the death-like stillness of 
tile atmosphere, and the cries of the thousands who had been 
driven from their homes and all the jilcasures of life, must 
together have presented a combination of terrors which no 
imagination can realise. 

But it on tlie western side only tliat lava was 

ejected ; there was an active crater on the eastern ; and the 
stream which flowed from it filled the valley of Torienta, which 
was feet wide, 120 feet deep, and 1(527 feet long. From 
this valley it took its way into tJic plain of Forte, where, like 
the western stream, it divided into three branches, which 
severally took tlieir courses towards Bosco, Mauro, and the 
plains of Mulara. This current was not above half as large as 
that which flowed from the western side. 

’When the lava ceas(‘d to flow, the upper portion of the cone 
was covered ])y a dense cloud of comminuted pumice which 
enveloped it the four following days, during which time the 
Avails of the crater fell in. The surrounding country, to the 
distance of ten or twelve miles, Avas AATappod in a midnight dark- 
ness, and tliunder storms Averc aAvfully frequent. The average 
depth of the sand which fell during this period, for a distance 
of tiirec miles round Vesuvius, is said to have heeii fourteen 
inches and a half. 

But, although this eruption Avas attended with phenomena of 
a most awful character, yet its eflects are not to he com]>ared 
Avith those wliicli attended the activity of Tomhoro, in Sum- 
hawa, ill the } ear IB 15. The convulsions of Tomhoro com- 
menced on the oth of April Avith loud rumbling sounds, which 
continued till tlie 7th of that montli, when throe columns of 
flame burst forth from near tlie top of the mountain. A short 
time after the hiA'a began to flowq tlic monntaiii appeared as 
though it Avere a solid body of five, but at eight o’clock, about 
an liour after tlie tqection of lava, it Avas obscured by a thick 
cloud of sand. BetAvecn nine and ten o’clock ashi's fell, and a 
Avliirlwiad arose which struck to the uround hr.... .. 
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in the village of Sangar, and carried with tremendous force the 
lighter parts, uprooted the trees, and swept aw'ay both men and 
cattle in its fury. About midnight the explosions commenced, 
and continued with intense violence till the evening of the llth 
instant without intermission. After this they moderated, but 
tUd not entirely cease till the 25th of July. Of all the villages 
round Tomboro, only one. Tempo, escaped destruction ; and 
out of twelve thousand inhabitants, only twenty-six were saved. 

But the effects of this eruption were not confuted to the 
immediate vicinity of the mountain. The fall of the ashes 
ftu'ty miles distant was so heavy, that the houses were con- 
siderably damaged, and in many instances rendered uninhabit- 
able. Jn Java, three hundred miles distant, the detonations 
were so distinct, and so much resembled the discharge of artil- 
lery, that a detachment of soldiers wtic marched from l>joc- 
jocai*ta, under the supposition that there was an attack u])on 
a neighbouring military post ; and on the sea-shore the reports 
wore mistaken for the guns of a vessel in distress, and boats 
were in two instances sent to give relief. 

< )n the Oth the sun w'as, even at this distance, obscured, and 
there was every a])pearance of an approaching (‘artlujuakc. On 
the 10th tlie noises were louder, and at Surnana]) and Banyn- 
w'angi tlie earth w’as violently shaken. Oi’esic and other dis- 
tricts more eastw’ard were enveloped during the greater ])art of 
the ]2th of April in indescrihahle darkness; but as the clouds 
ofa^hes passed over and discharged themselves, light returned ; 
])nt it was not till the l7th, when a shower of rain fell, that 
the ritmospiiere rvas cleared of its cdoinls of heated \ajM>nr and 
sand. The ashes were nine inches deep at Hanymvangi. 

'j’he detonations of 'Fomboro we re lieard in Sumatra, 070 
miles (iistaiit ; and indeed in all the Molucca islands : but so 
dreadful were its effects along the north and west of the j)enin- 
sula, tliat ))ut one solitary vestige of vegetable life was 
preserved. 

Wc may take Etna as another t‘xample of volcanic activity 
in the phase of paroxysmal violence. This mountain is entirely 
composed of volcanic rocks, and rises in imjxjsing grandeur to 
the height of 10,000 feet above the level of the sea. It is about 
one hundred and eigljty miles in circumference, and is sur- 
rounded on every side by apparently small volcanic cones, 
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though of no inconsiderable size. The earliest historical notice 
of this mountain is by Thucydides, who states there w^re three 
eruptions previously to the Peloponnesian war, to one of whicli 
Pindar alludes in his first Pythian Ode. In the year 300 b.c., 
the volcano was again active, and, according to Diodorus 
Siculus, the ("arthaginian army was stopped by the flowing lava 
when marching against Syracuse. 

One of the most remarkable eruptions of this mountain was 
that which occurred in the year 1609, which was so violent, 



that fifteen towns and villages were destroyed, and the stream 
was so deep, that the lava flowed over the walls of Catama, 
sixty feet in lieight, and destroyed a part of the city. But the 
most singular circumstance connected with this eruption was 
the formation of a numl)erof extensive fissures, which appeared 
as though filled with intumescent rock. At the very com- 
mencement of the volcanic excitement, one w^as formed in the 
plain of St. Lio, twelve miles in length, and six feet broad, 
which ejected a vivid flame, and shortly after five others were 
opened. The town of Nioolosi, situated twenty miles from 
the summit of Etna, was destroyed by earthquake ; and near 
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tlie place where it stood two gulfs were foinied, from which so 
large a quantity of sand and scoriae was thrown, that a cone 
called Mount Rossi, four hundred and fifty feet high, was pro- 
duced in about three months, 

may perliaps introduce one other example of the effects 
produced by volcanoes in the condition of paroxysmal violence. 
Hccla has been long celebrated for the intensity and continuance 



of its eruptions. The island in which it is situated is not 
unfre(juently shaken from its centre to its shores Mith violent 
earthquakes, and new islands are often formed upon its coasts, 
some of them sinking beneath the level of the water as quickly 
as they are formed, and others continuing for so many years 
as to give expectation of their permanence. Hecla has been 
more than twenty times in a state of eruption during the last 
eight hundred years, and when excited, its devastating fury is 
of long continuance. But Iceland is, as it were, the covering 
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of one of tlio principal Plutonian workshops, and its mountains 
are the chimneys of ever-active forges. 

If we could mention one year as being more distinguished 
than any other for the violence of the volcanic force in Iceland, 
we might direct the attention of the reader to the year 17S3. 
In the month of iMay a submarine volcano was formed in lati- 
tude 2o north, and longitude 23^ 44' west, about thirty 
miles south-west of Reykianas. From the crater of this island 
so large a (juantity of pumice vras ejected, that the ocean wivs 
completcdy covered with it for a distance of more than one 
hmidrcd and thirty miles ; but after a short time the island 
sank beneath the level of the ocean, and only a rocky reef, from 
live to tliiidy fathoms beneath the water, was left as the evi- 
dence of the juior existence of the island and the activity of the 
volcanic force. On the 11 th of June, Skaptar Jokul, a volcanic 
mountain that has often spread desolation over the surrounding 
country, ejected a considerable torrent of lava, which, flowing 
into the river Skaptji, dried it up, and overflowed the fields 
beyond it, although in some places the bed xvas more than six 
hundred feet dee]), and nearly two liundred feet wdde. A 
deep lake between Skaptardal and Aa was filled with the 
lava, and a subsc(|uent current ‘‘ w^as precij)itated down a 
tremendous cataract cfdled Stapafoss, w’here it filled a profound 
abyss which that great w^atcrfall had been hollow'ing out for 
ages, and after this the fiery current again continued its course.” 

The remarks of Professor Lyell upon the effects of this 
eruption are so explanatory and true, that w^e may be permitted 
to quote them. “ I'hese Icelandic lavas, like the ancient 
streams whicli are met with in Auvergne and other provinces 
of central France, are stated by Stephenson to have accumu- 
lated to a prodigious depth in narrow rocky, gorges ; but wdien 
they came to wide alluvial plains, they spread themselves out 
into broad burning lakes, sometimes from twelve to fifteen 
miles wide, and one hundred feet deep. When the ‘ fiery lake’ 
which filled up the lower portion of the valley of the Skapta 
liad been augmented by now supjilies, the lava flow'ed up the 
course of the river to the foot of the hills whence the Skapta 
takes its rise. This affords a parallel case to one which can be 
shown to have happened at a remote era in the volcanic region 
of the Vivai’ais, in France, where lava issued from the cone of 
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Thueyts, and while one branch ran down, another more power- 
ful stream flowed np the channel of the river Ardeclie. 

‘‘ The sides of the valley of the Skapta present superb ranges 
of basaltic columns of older lavas, resembling those which arc 
laid open in the valleys descending from Mont d’Or, in Auvergne, 
where more modem lava currents, on a scale very inferior in 
magnitude to those of Iceland, have also usurped the beds of 
the existing rivers. The eruption of Skaptar Jokul did not 
entirely cease till the end of two years ; and when Mr. Paulson 
visited the tract eleven years afterwards, in 1704, he found 
column|i jof smoke still rising from parts of the lava, and several 
rents filled witli liot water.” 

These descriptions of the effects of volcanic eruptions may 
suggest the origin of those extensive masses of igneous rocks 
which are found to overlie those of aqueous origin, while at the 
same time they may enable us to account for many of the veins 
which occasionally intersect liorizontal deposits. Veins have 
been formed by injection, or by the intrusion of igneous rocks 
from above. In the former case the rocks have been almost 
necessarily disturbed, of which sufficient evidence may be 
generally obtained, but veins may have been formed by intro- 
mission without any disturbance of the parallelism of the Ixjds 
they intcfsect. When lava is ejected into a fissure from below, 
the probability is that the fissure was formed by either the same 
cause as propelled the liquefied rocks, or by one similar to it in 
intensity and character ; but w^hen filled from above, the aper- 
ture may have been produced by an aqueous cause. 

The statements which have been made are sufficient to show 
the activity and agency of the volcanic force, when its effects 
are exliibited on island.^ and continents. But we have spoken 
of subaqueous volcanoes, and in order to compare the variety of 
effects produced by the two classes of active cones, it may be 
necessary to select a few examples of subaqueous eruption. 

There are but few authentic records of the activity of sub- 
aqueous volcanoes. When it is considered that much the greater 
portion of the surface of the globe is covered by water, this fact 
may appear to intimate a much less active condition of the 
volcanic agent beneath the level of the sea than on dry land ; 
but tlie elevation of the volcanic cones above the water is the 
real cause. An eruption of any considerable violence must of 
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necessity form an elevation that will come under the class of 
aerial volcanoes, and hence it is that so many active cones are 
situated in islands. 

There is much difficulty in obtaining detaifcd information 
concerning the phenomena resulting from the activity of sub- 
aqueous volcanoes. That the eruptions are as numerous as from 
alh'ial craters, there can be no doubt; but there is less probability 
of their being ol)served. It is a singular fact, that we arc ac- 
quainted witli scarcely an instance of subaqueous eruption that 
has not produced an island; and yet it may be reasonably 
supposed that many do occur which have not sufficient energy 
to elevate the mineral masses above the level of the sea. This 
fact may be accounted for in two ways : the volcanic vent may 
be covered by so great a depth of water, that no effect is pro- 
duced on the surface by the eruption ; or the energy whieli 
is exerted may bo sufficient to occasion many phenomena on 
the surface of the water, though no observer be present to 
register them ; and, therefore, in this instance, as well as in 
the former, we arc prevented from gaining any information 
concerning the appearances exhibited. 

Some of the most remarkable subaqueous eruptions w’ith 
which we are acquainted are those that troubled the sea of 
Azof, the Azores, and the island of Santorino, in the Grecian 
Archipelago. We may select one or two examples to illustrate 
the usual class of phenomena. 

The island of Santorino, in the Grecian Archipelago, ^vas 
formerly called Hicra, hut this name is now given to another 
island. Pliny, speaking of it. says, Tliere is a tradition, that 
it rose out of the sea ; and suj^poses it to have occurred about 
287 B.c. 

By the activity of, in all probability, the same volcanic force, 
several islands have at various times been formed — 

Hiera rose from the sea in the year 197 b c. 

40 A.D. 

Thia and Hiera were united - 720 a.d. 

Little Kamenoi was formed - 1578 a.d. 

On the 22nd of May, 1707, the volcanic agent was again 
active, and the islands were violently shaken by an earthquake. 
On the following morning a new island, Isola Nuova, was 
observed, and a few days after several persons ventured to visit 
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it, but (lurinp^ their sta}^ it shook so much that they hastily left 
the treacherous ground on whi<*h they had trespassed. 

In July, tlicrc arose, at a distance of about sixty paces from 
the new island, a ridge of black rocks, from which torrents of 
smoke issued. The inhabitants of Santorino were greatly 
alarmed at this new exhibition of volcanic activity, and tlu; 
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vapour projected was so prejudicial that many of the inhabitants 
were killed by inhaling it, and all of them more or less^ulfored 
from its effects* On the 31st, the sea seemed as though ready 
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to boil, and in two places revolved in circular eddies. For 
t(*n years, the volcanic agent continued in a state of partial 
excitement, and the inhabitants of the neighbouring islands 
were frequently alarmed by subterranean noises and earth- 
quakes. 

I'he most recent instance of subaqueous eruption with w’hich 
we are acquaintetd, is that which jn-oduced Hotham or Graham 
Island, in the year 1831. Tliis island was thrown up in the 
Mediteri’ancan, betwx'cn the south-west coast of Sicily and the 
African coasc, in latitude 8' »30" north, and longitude 
12*^ 42' 15" east. The eruption seems to have been first 
observed by John Corrao, the captain of a Sicilian vessel, wdio 
passing near to the spot on the lOtli of July, observed an 
immense column of w'atcr ejected from the sea to the height of 
sixty feet, and about eight hundred yards in cireumference. 

On the 18th of July, Corrao again passed the same spot, and 
he found that a small island had been formed, tvvelve feet high, 
wdth a crater in the centre, from which immense columns of 
vapour w'ere (‘jected and masses of volcanic matter. 

'rhe island was afterwwds visited by several scientific gentle- 
men, and is said to have been two hundred feet high, and throe 
miles in circumference, on the 4th of August. But from this 



time the island decreased in size ; for, being composed of loose 
scorite and pumice, it was rapidly acted upon by the w'ater, and 
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on the 3rd of September, when carefully measured l)y Captain 
Wodehouse, was only three-fifths of a mile in circumference, 
and one hundred and seven feet high. At the end of October, 
the island had entirely disappeared, except one small point 
composed of sand and scori®. Captain Swinburne examined 
the spot in the beginning of the year 1832, and found an exten- 
sive shoal to occupy the place wherc the island had been, and 
in 1833 there w’as a dangerous reef, of an oval form, three- 
fifths of a mile in circumference. 

We may now close our remarks upon active volcanoes, by 
the mention of one or two facts deduced from the consideration 
of the geographical arrangement, relative position, and attendant 
phenomena of active cones. 

1. Nearly all the active volcanic cones are cither situated in 
the immediate neigh }K>urhood of the sea, or near some salt- 
water lake. A great number are found in islands, and many 
of the islands themselves have been produced by the volcanic 
eruption. Some few exceptions, liowevcr, must be made to 
this rule, and we may particularly mention the American 
mountains, some of wliich are situated in the interior of the 
continent, but from their relative position there is reason to 
suppose that they are situated over some vast chasm which 
communicates with the sea. The volcano of Jorullo is more 
distant from the sea than any other ; yet on one side it is 
connected with the Atlantic by Tuxtla, and on the other with 
the Pacific by Colima. 

2. Another observation, deduced from the geographical posi- 
tion of volcanoes, is, that they are generally arranged in lines. 
It is true that we may here and there find a solitary cone 
apparently unconnected with any other mountain, as is the 
case wdth Etna and the Peak of Teneriffe ; and, at otlier times, 
we may observe a small group of volcanoes ; but their most 
common position is in lines. 

3. Earthquakes and thermal springs have their origin in the 
same agency as volcanoes, and are like them found in rocks of 
all ages. This statement leads us at once to a consideration of 
the circumstances under which these tw'O classes of phenomena 
are exhibited. 
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EARTHQUAKES. 

Tilo constancy with which volcanoes and earthquakes attend 
each other, is tJie best proof that can be given of the identity of 
tlieir origin. We may select one or two examples in illus- 
tration. 

The same night that Lima w’as destroyed by eartlniuake, 
four new volcanic vents were formed in the Andes. In the 
year 447, the earth was convulsed almost Avitbout intermission, 
from tlie Black to the Red Sea ; and on the 20th of May, 520, 
Antioch was destroyed, and 250,000 persons were buried in the 
ruins : at both these ]>eriods several volcanic cones w^ere active. 
Soon after the earthquake at Lisbon, in 1755, various parts of 
the w’orld ■were under the influence of a similar cause and 
w’ithin the few succeeding years there hap])ened some of the 
most violent eniptions that ever afflicted the world. In 1750, 
the American continent w^^s dreadfully agitated, and Jorullo 
was in a coiulition of violent eruption, atteiided witli some most 
remarkable phenomena. In 1700, fifteen fissures were oj)encd 
at once, and from each immense volumes of lava were vomited; 
and during the same year Katlagiaa, in Iceland, biokc out with 
intense paroxysmal violence, attended with such awful vtdcanic 
j)henoinena as uere m-ver before witnessed. 'I'hirty days after 
the destruction of the city of Caraccas, the volcano of St.Mucent 
became active ; and at the moment it brokt‘ forth a subtcTra'- 
nean noise w^as heard, and the earth was shaken over an extent 
of nearly 2,200 s(juar<* leagues. From these and numerous 
similar facts which miglit be mentioned, it will he evident that 
earthquakes frequently attend volcanic eru}*tion, and the inten- 
sity of the one is generally in proportion to that of the other. 
Earthquakes, however, have been freijuently unattended hv 
enjption ; a eireumstance that may he explained on the suppo- 
sition that there was not snflicient energy to form a vent, or 
that the gases generated by subterranean lieat made their escape 
hy some previously existing fissure. 

^Earthquakes difler greatly in intensity. The agitation pro- 
duced is sometimes so weak, that it is only sensible to those 
who are accustomed to such {.'luaiomena ; or it may have no 
other effect than that of shaking the bells and the loose articles 
of furniture : but at other times the earth retds like a drunkard. 
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as though moved from the balance which had been assigned to 
it by its Creator — cities are overturned, districts are laid waste, 
and the entire aspect of a country instantly cliangcd — mountains 
are overthrown, rivers are turned from their courses, and lakes 
are swallowed by the gi'ecdy earth — 

Di reused Nature oftcntimcn breaks f(»rth 

In Htrangc eruptions: oft tlio teeming earth 

Is vith a kind of colic pinch’d and vci'd 

By the imj>ria>oment of unruly winds 

Within her wonih ; wliich, for enlargement striving, 

Sliukes the old beldame Earth, and topples down 
Steeples and moss grovvn towers. 

The violence of an earth(|iiake seldom laFts more than a 
minute ; hut successive shocks are sotnetinics felt at very shoi’t 
intervals. During the agitation immense chasms are frcapicntly 
formed, through wliich flames, torrents of water, or dense 
volumes (tf gaseous fluid, are thrown. The effects produced hy 
earthquakes arc therefore, in some instances, most extensive, 
and of a dreadful character. A more a])palling ch'seription of 
the cons(H]uenc<*s of an cartlnjuakc cannot be given than that 
account of the catastrophe of reeord(‘d hy Kircher. 'J'hc 
narrator was on his way to Eupliemia, hut tlie sea was tossed 
about liy so uimatural an agitation, and such dreadful noises 
]>roeeeded from it. tliat it was found impossible to proceed ; and 
Kircher, with his companions, landed at Lopiziciun. Here," 
he says, ‘'scenes of ruin ajijieared every wdierc around me; but 
my attention was ijuickly turned from more remote to conti- 
guous danger, hy a deep rumbling sound which every moment 
grew’ louder, 'fhe place where we stood shook dreadfully. 
After some time, the violent jiaroxysm ceased. J stood np, and 
turning my eyes to Euphcinia, saw only a frightful Idaek cloud, 
VV c waited till it jiassed away, w hen nothing hut a dismal and 
putrid lake was to he seen where the city once stood." 

Ilumhohlt has described, with his characteristic energy, the 
sensations which are exf)erienccd by an individual on the coast 
of Peru, wlien he feels, for the first time, the shock of an earth- 
quake. From our infancy,’' lie says, the idea of certain con- 
trasts fixes itself in our mind ; water appears to us an element 
that moves — earth a motionless and inert mass. These ideas 
are the effi^cts of daily experience ; they are <;onnectcd with 
everything that is transmitted to us by the senses. ^Vhen a 
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shock is felt, when the earth is sliakcn on its old foundations, 
which we had deemed so stalde, one instant is sufficient to 
destroy long illusions. It is like awakening from a dream ; 
but a painful awakening. We feel that we have been deceived 
by the apparent Ciilm of nature — we become attentive to the 
leiist noise — we distrust, for the first time, a soil on which we 
liad so long placed our feet with confidence, if the shocks be 
repeated, if they become frequent during succeeding days, tlie 
uncertainty quickly disapjicars. In I7fi4, the inhabitants of 
Mexico were as accustomed to hear the thunders roll hene-ath 
their feet, as we ai*e to witness the vivid fiasli in tlie region of 
the clouds. Ckmfideiice easily springs up in tlie human mind ; 
and we end by accustoming ourselves, on the coast of Peru, to 
the undulations of the ground, like the sailor to the tossing of 
the ship caused liy the motion of the waves.” 

Some idea of the frequency of eartlnpiakes in some parts of 
South America may he formed from the fact stated by Captain 
Bagnold, that during his residence at Coquimbo, on the coast of 
Chili, there were, during one year, not less than sixty-one 
earthquakes, not calculating the slighter ones, which were even 
more numerous. 

The effects of earthquakes arc sometiincb fidt over a great 
extent of country. Duiing the earthquake at Lisbon, in ]7oo, 
the seas in evtay part of Europe were agitated, and in some 
places became thick and turbid. I.<ake Ontario also felt the 
shock, and the sea round the Eastern Antilles, But the shocks 
arc invariably most violent in volcanic countries, though n(»l 
generally in those parts which arc maxrcst to the scat of active 
volcanoes. I n Morocco, and on the coa'^t of Barhary, earthquakes 
arc fro(iuoiitly felt ; and although there is no active cone in either 
of these countries, or near them, yet there is geological evidence 
that the volcanic force has been active at some past period. It 
lias consequently been supposed by many persons, that there is 
a subterranean connexion between many distant places, and 
that a country once the scene of volcanic influence is liable to a 
repetition of its effects. Earthquakes are not always most 
violent in countries where active cones exist, for in such places 
every crater may act as a safety valve, and thus ])revent the 
destructive eflccts produced in other countries by the vast 
expansive force of the coiiflned vapours which struggle to escape 
from their prison. 
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It is difficult to imagine the character, much more tJie in- 
fluence of the plienomcna which attend earthquakes, from any 
abstract description that could be given. Wc are most likely 
to apj)roach to an accurate estimate of this terrible convulsion 
of nature fporn the perusal of the accounts which have been given 
of the phenomena by which they are attended, and the effects 
they have produced upon the districts in which they have 
ocxHirred. ^Ve shall, therefore, select one or two exanijdes. 

The earthquake that destroyed Lisbon, in tlie j^ear 175.5, 
was the most violent that ev^er occurred in Europe, at least 
within the record of authentic history. On the Lst of Novem- 
ber, forty minutes past nine o’clock in the morning, a violent 
shock of eartJu[uake was felt, which, although it did not last 
more than the teiitli of a minute, threw down one-fourth of the 
dwelling-houses in Lisbon, and all the largo })iibiic buildings. 
This sl)ock, tliough short, probably j)roduced all the inischi(‘f, 
though it was instantly followed by two otliers ; hut they suc- 
ceeded each other so rapidly that they arc frequently sjxdvcn of 
as one slioek. About t vvels^e o’clock the earth was again shaken, 
A gentleman who was jircsent, and escaped the destruction by 
whicli tli(' great mass of the people were overtaken, states, tliat 
at this time, standing in the Terra de Pasco, he saw the walls 
of several houses ojum from top to bottom more than a quarter 
of a yard, and close again s(> exactly as to leave no sign of 
injury. 

During the first shocks, the Tagus receded five furlongs from 
its usual boundary, hut afUrwards advanced, in an enormous 
wave, fifty feet above the ordinary Icvxd of tlie tides, and them 
instantly retired. At C'ascais, Setuval, Pcnische, and in Al- 
gaiTcs, many persons were drowned by the sudden advance of 
the sea ; for the eflects of this terrible earthquake were felt all 
over Poilugal, and even extended to other countries. The 
mountains of Areheda, Estretta, Julio, Marv^au, and (.’intra 
were shaken to tlunr foundations ; the summits of some of 
them were split, and huge masses of rock were thrown into tlie 
valleys. 

The dcstnictive effects of this earthquake cannot be ade- 
quately described. At least 80,000 jku'soiis were destroyed in 
Lisbon by the first fall of houses. Such scenes can be painted 
only by an eye-witness. The sight of tlie dead,” says Mr. 
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Wolfall, ‘‘far exceeds all description ; for the fear and conster- 
nation was so great that the most resolute person durst not 
stay a moment to remove a few stones off the friend he most 
loved, though many might have been saved by so doing ; but 
nothing was thought of but self-preservation ; getting into open 
places, and into the middle of the streets, w as the most probable 
security. Those lost in houses and streets arc very unequal to 
those that were buried in the ruins of churches ; for as it w’as 
a day of great devotion, and the time of celebrating mass, all 
the churches in the city w'ere vastly crow'ded; and tlio number 
of churches here exceeds that of both London and M"est- 
minster ; and as the steeples are built high, they mostl}^ ftdl 
wdtli the roof of the church, and the stones are so large that 
few escaped,” 

I lodged,” says the wTiter of this account, in a house 
wdtere there were thirty-eight inhabitants, and only four wxre 
saved. In the city prison eight hundred w’ere lost, twelve 
hundred in the general hospital, and a great number of convents 
of four hundred each. The palace tumbled the first shock ; 
but the natives insist that the inquisition was the first building 
that fell dowm.” 

This earthquake was not only felt in Portugal and the 
peninsula of which it forms a part, hut througliout Europe, on 
the north of Africa, and even iu the West Indies. The Jewish 
<[uai*ter, Mequiuez, in Barbary, w'as sw’allowod up on the same 
day, and about ten tliousand of the inhabitants perish(>d. A 
town in Morocco, with aliout the same number of inhabitants, 
and all they possessed, was destroyed in the same maimer, the 
earth closing over its victims. I'he city of Tasso had the sfime 
fate. In Scotland, a remarkahle elcvvation of the W'aters of 
Loch Lomond w'as observed; the Thames rose and fell; and 
in Antigua and Barhadoes several slight shocks were felt. 

It would be easy to fill a volume with the mournful accounts 
which have been given by observers of the effects of earthquakes 
in different places ; but w e shall refer to only two others. A 
severe earthquake occurred at Lima, on the 80th of March, in 
the year 1828, by which a part of the towm was destroyed, and 
a number of lives w ere lost. The pier was cracked three parts 
across, and an aperture eighteen inches wide was left in the line 
of fissure. A lai*ge mass of rock, thirty feet thick, was separated 
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from a cliff at the north of the island of Lorenzo, and thrown 
into the sea. The chronometers and clocks were stopped by 
the swing or vibration of the earth, and its effects were observed 
on the sea as well as on the land. Captain Bagnold has given 
(in the Philosophical Journal) a very interesting account of 
this earthquake, as observed by an officer of a vessel moored 
in the bay of Callao. The ship was violently tossed, and the 
water was in a state of apparent ebullition, the whole of its 
surface being covered with bubbles of gas, probably the sulphu- 
retted hydrogen, which emitted an offensive smell, resembling 
that of putrid pond-inud. One of the chain-cables of the vessel 
suffered a partial fusion ; and dead fish floated upon the surface 
of the turbid water. 

Lima has often suffered from earthquakes. ThatofloflO 
was felt over an extent of one hundred and sixty -six leagues ; 
and that of 1741) destroyed three-fourths of the city, and one 
hundred and twenty thousand persons. 

On the L3th of August, 1822, an earthquake destroyed the 
greater part of Aleppo, and about thirty thousand inhabitants. 
Mr. Baker lias given an account of this catastrophe, in a letter 
to the British and Foreign Bible Society ; and as it also contains 
an expression of the feelings wdiich were produced by the awful 
phenomena, wc may quote the letter itself. 

On the night of the 18th of August, about half-past nim? 
o’clock, Aie}>po, the third city of the Ottoman empire, built 
entirely of stone, was, in the space of a few seconds, brought 
down to its foundation. 

“ I was at that time asleep on the terrace of my particular 
friend, Mr. Meseyk, who, by the help of the Almighty, was 
mercifully saved, with all his family. About half an hour 
previous to the great shock, a light one was felt, wdien I took 
the precaution to draw my bed from under a very liigh ^vall, 
where it was placed. I was soon awakened by the fall of that 
wall, on the very spot where my bed had stood. I sprang from 
my couch, and, without waiting to dress myself, I fled into the 
house, which I found falling on all sides. To remain in the 
house, or to take flight through the streets, appeared at fii-st 
equally dangerous : at length 1 embraced the latter resolution. 
In consequence, I descended the back stairs of Mr. Meseyk's 
house, for the great staircase fell at the same time. The 
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darkness of the night, and the clouds of duet that covered the 
atmosphere, prevented me from perceiving tJie stones and rub- 
bish on the stairs, which had fallen from part of the house, and 
consequently I was precipitated into the court-yard, and on a 
dead body. How can I express my feelings at that moment, 
ignorant on what body 1 had fallen? — I was half-dead wdth 
fright and horror. 1 afterwards learned it was a faithful ser- 
vant, who had a second before descended those stairs, when some 
stones from an adjoining Turkish house fell on him and killed 
him. 

I quitted that melancholy spot, and, like a man deprived 
of his senses, ran amid the fallen walls to the gate of the town, 
which is situated at some distance from my friend’s house. It 
was on my road, among naiTow streets, that I was destined to 
witness the most horrible of aU scenes. The light of the houses 
whose sides had fallen exposed to my view men and women 
clinging to the ruine<l walls of their houses, holdmg their chil- 
dren in their trembling arms ; mangled bodies lying under my 
feet ; and piercing cries of half-buried people assailing my ears 
— Christians, Jews, and Turks. 

“ After a great deal of trouble and fatigue, running among 
the ruins, 1 arrived, exhausted, at the gate of the city called 
Babelfaruigc, the earthc[uuke still continuing. But the gate of 
the city was shut, and no one dared to risk his life under its 
arch to open it. I threw myself on the gate. 1 felt in the 
dark, and perceived it was not locked ; but the great iron bars 
that went across the hdding-doors were bent by the earthquake, 
and the little strength I retained was not sufficient to force 
them. J went in (juest of the guards, but they were no more. 

1 fell again on my knees before the Almighty, and while in that 
attitude four or five Turks came near me, and joined hands tt) 
pray in their accustomed way, CMlliiig out ‘Alia! Alla!’ Having 
in sight my safety, and tliat of thousands of individuals who 
crowded to the gate to escape, 1 made no more reflections, but 
began to entreat them to help me to open the gate, in order to 
save our lives. Providing themselves with largo stones, in a 
little time they forced the bars and opened the gate. No sooner 
had I quitted it than a strong sliock of an earthquake crumbled 
it to pieces, and several Jew^s were killed by its fall. When I 
recovered a little my senses, I began to feel new sufferings in 
u 2 
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the thoughts of what had happened to my brother and his 
family at Antioch, and the cruel fate of my friends in the city; 
besides, the melancholy objects around me — people wounded, 
others ]an)enting the death of their relations, others having 
before them their dying children taken from under the ruins — 
preyed so strongly on my mind, that not the pen of the ablest 
writer could give an adequate idea of my feelings/’ 

By the same convulsion Antioch, Lattakia, Gisscr Shogre, 
Idlib Mendun Killis, Scanderoon, and all the other towns and 
villages in the pachalik of Aleppo were destroyed. 

A multitude of painful reflections rush into the mind when 
we consider the inllucnce of some jdicnomena in the destruction 
of human life ; and we turn with fear from the picture of the 
past, mistrusting the condition of the physical agents by wliicli 
we are surrounded. In the bright morning of exj^ectation we 
fancied that all without, as well as within us, could have no 
other influence than the production of pleasing emotions and 
happy associations. We first learn that there are as many 
sources of misery as of pleasure in our own minds, and man and 
nature then assure us there is no real dependence on tliem. 
Tile morning may be placid, and the unclouded sun may deck 
in its chastening hue the face of nature, but it sets enveloped in 
clouds amid the strife and discords of natures Curiosity and 
dissatisfaction might prompt the inquiry, why has the Creator 
of all things permitted the existence of causes calculated to 
destroy animal life ? — but if religion and reason reply, they 
answer, that man may feel his dependence upon Him who has 
all agents under his control, and has so ordered them as to 
secure, consistent with the nature of his terrestrial government, 
the accom]>libhment of his own will, and the greatest ha})piiies8 
of the greater number of his creatures. 

From the facts mentioned in the preceding pages it will be 
quite evident that earthquakes owe their origin to the internal 
force tliat produces volcanic eruption. This deduction does 
not depend upon any one circumstance, but is supported by 
various analogies. All the countries liable to earthquake are 
either inclosed by active volcanic cones, or have been at some 
past period the seat of volcanic eruption. Earthquakes usually 
precede volcanic activity, and ceaso with the eruption ; and to 
these facts we may add that volcanoes and earthquakes resemble 
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<?ach other in all the circumstances of iictivity, so far, at least, 
as relates to their period and intensity. 

THERMAL SPRINGS. 

It is almost universally admitted by geologists that thermal 
springs derive their origin from the volcanic agent. This 
opinion is deduced from the position of the springs, and thti 
influence of volcanic eruptions upon them. It has been noticed 
by writers that there are three places in which thermal springs 
may be found : in the vicinity of active volcanoes, in mountain 
chains formed by volcanic activity, and in rocks which have 
been acted on ])y intense physical convulsions from igneous 
causes. It cannot be said that thermal springs are unknown 
in situations which do not present any external evidence of 
violent disturbance ; but if they do occur in such situations, 
the circumstance cannot be urged as a proof that thermal 
springs are unconnected witli the volcanic cause. 

In the vicinity of Etna, Vesuvius, and Ilecla, hot springs are 
abundant, and in Iceland they arc so numerous and active that 
they may he spoken of as tlic characteristic phenomena of the 
island. But they attend extinct cones, as w’cll as those which 
are active ; for there many in the ancient volcanic districts of 
France, Hungary, and Bohemia. In the Pyrenees, and in 
other lofty chains whicli owe their elevation to a great subter- 
ranean movement, they are also found, and are especially fre- 
quent in those places wliich have been torn by intense physical 
convulsions. 

These facts are sufficient to prove that thermal springs are 
produced b\' the volcanic cause ; and it is singular that, in pro- 
portion to the extension of geological knowledge, ohscrvei's have 
been im)re convinced of the univei'sality of the igneous forces. 
There are some writers who seem to rest the proof of the vol- 
canic origin of hot springs upon the effects which are produced 
on them by crufdion ; hut this appears to us much less conclu- 
sive than that deduced from their position, since it often hap- 
pens that cold springs, which are not supposed to be connected 
with the subterranean agent, are equally aflFocted. 

There has been some dispute among geologists as to the 
origin of the hot springs in England. It is true that we have 
Jio burning mountains, nor are we spectators of those scenes of 
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devastation which equally prevail in tropical and in polar 
climes, amidst the frozen recesses of Iceland, and in the plea- 
sant places of 1 taly. But it must not on this account he said 
that the volcanic agent docs not exist beneath the rocks of our 
own as well as other countries, for there may bo in one place 
causes tending to excite activity, and in another, causes which 
restrain it, so that in one district it may spread destruction and 
the elements of change, and in another waste its energies upon 
the streams which bubble from the bowels of the earth to heal 
the diseases and minister to the infirmities of man. 

Admitting that volcanoes, earthquakes, and thermal springs, 
and we might add gaseous exhalations, derive their origin from 
the same cause, w’c must next inquire into the nature of that 
cause, and endeavour to show the influence which it has had in 
the arrangement of rocks. 

TIIEOIUKS OF VOLCANIC ACTIVITY. 

All persons agree that great internal heat is the principal 
cause of volcanic activity, hut there is a diflbrcncc of opinion as 
to the means by which that heat is produced. It is a matter of 
doubt wdietherwe have sufficient data to give tlie appearance of 
certainty to any particular theory, and this has given the 
student liberty to form a theory for himself, or to modify that 
which pleases liim best. 4'he pages of our scientific joumals 
and works on volcanoes are therefore crowded with new theories 
of volcanic action, all of which have found some defenders. We 
might liave passed over a subject u})on wliich there is so great a 
difference of opinion ; but as tliere is no jirobability of ascer- 
taining truth while the mind indulges ciror, there may he some 
advantage in exposing false o{>inions, and in breaking the fetters 
wliich prevent the intellect from healthy tuid vigorous activity. 
VVe shall therefore enumerate a few of the theories wdiich have 
at various times engaged the attention of the learned, and state 
some of our objections to those wliicli may appear the most 
plausible. 

There is reason to believe that much of ancient fable derived 
its origin from an erroneous estimate of natural phenomena. 
The history of astronomy affords abundant evidence of this 
statement ; and we believe that in every country where an 
idolatrous or superstitious population have been accustomed 
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to the sight of volcanic phenomena, they have invariably ascribed 
them to occult deified agency. The Egyptians attributed all 
physical evil to the demon Typhon ; and the Greeks, who 
adopted the science and superstitions of the Egyptians, have 
evidently symbolised the volcanic phenomena in their descrip- 
tion of this personage. Typhon, they tell us, was a giant more 
powerful than all the children of Earth ; his head reached to 
the stars, and his arms embraced the rising and the setting sun. 
With his hands he hurled the rocks to the liighest heavens ; 
fire gleamed from his eyes, and liquid fire boiled in his mouth. 
He is said to have been born in Cilicia, which is known to be a 
volcanic district ; and having shortly after his birth frightened 
the Gods from heaven, he was pursued by J upiter to the borders 
of the lake Serbonis, another volcanic district, and was at last 
imprisoned in tlie island of Sicily, where he still continues to 
rave, shaking the earth with lus groans, and ejecting liquid hre. 

I'lie philosophical opinions of the ancient Greeks and Romans, 
if their speculations may he so called, as standing in opposition 
to the fable by which the uninitiated were imposed upon, is stated 
by the Roman poet Lucretius, in his De llerum Naturu. Vol- 
canoes were su])po8ed to derive their origin from tlie conversion of 
the air confined in the cavities of the earth into violent winds by 
licat, wliich generating an increased temperature, inflamed the 
combustible bodies contained in tlie bowels of the earth. This 
theory is nothing more philosophical than the popular fable, and 
far less poetical. But it is not surprising that such a theory as 
this should have obtained currency among the ancients, for 
they were almost entirely ignorant of those facts upon which an 
explanation must be founded, and indeed of many of the effects 
of the cause they sought. 

As the phenomena which accompany eruptions prevent a 
direct examination of the cause, opinions must be formed from 
the circumstances under w hich the effect is produced, the extent 
of the influence, and the character of the ejected mass. M’^ith 
all these the ancients w'cre unacquainted, and even our own 
kuowdedge is less than might be expected from our opportu- 
nities of research. 

Werner ivas among the first of tho geologists who ventured 
to propose a theory of volcanic action. He attributed eruption 
to the ignition of coal and other inflammable substances ; and 
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in support of this hypothesis Fallas states that the ejection of 
mud by the coneS near the Cimmerian Bosphoius was occasioned 
by the combustion of the coal-measures. Brieslak proposed to 
improve the theory by attributing volcanic phenomena to the 
ignition of petroleum by sulphuric and phos])horic acids ; and 
in support of his theory adduces the presence of these substances 
in lava. As it would be difficult in the present day to find an 
advocate for either of tliese theories, we shall not attempt to 
show how inadequate they ai*e for the explanation of volcanic 
phenomena. 

A singular hypothesis, and one which has a much greater 
appearance of probability than either of those we have men- 
tioned, was proposed by Sir Humphry Davy. After the 
discover}” of the metallic bases of the earths and alkalies, he 
was induced to imagine that the earth itself might have been 
originally a globe of metallic alloy. Now, if this had been 
the primitive condition of our world, the combination of the 
oxygen of the atmosphere with the metals w'ould, he says, have 
formed a crust of earthy matter as a supei-ficial covering, the 
interior still remaining a deoxidised metallic mass. If water 
should, by i>cnetrating through the crust, reach this metallic 
mass, a chemical action would be immediately produced : the 
oxygen of the water having a great affinity for the metal would 
be disengaged from the hydrogen, and a metallic oxide would 
be formed. This chemical action would cause the disengage- 
ment of caloric sufficient to melt tho surrounding rocks, while 
the disengaged hydrogen gas would, exerting its influence as a 
confined elastic fluid, rend the rocks, and bui’st into a flame 
upon exposure to the air. There is certainly a great degree of 
plausibility about this hypothesis, and it is not altogether 
unphilosophical ; but Davy was, from some cause, induced to 
renounce it, and give preference to an explanation founded on 
the doctrine of central heat. Dr. Daubeny, who has adopted 
l>avy’s discarded child, suggests that it is not inconsistent with 
what we know of Davyds character, to suppose that he acquired 
a distaste for the theory in question, when he found it an 
object of admiration among an humbler class of inquirers. This 
observation may be correct ; but pcrliaps a better reason may 
be given for Davy's want of confidence in his own theory. 

We have already stated, in a periodical work, our objections 
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to the theory in question ; and we cannot now do more than 
repeat the arguments already employed. 

Two admissions arc required by this theory ; and to us they 
appear to draw largely u}>on the faith of the reader. We must 
firstadmit the existence of a deoxidised metallic nucleus, and then 
its inflammability, or at once give up the theory. It is j)ossible 
that the interior of the eartli consists of metallic alloys, though 
there is as much reason to believe that it is composed of almost 
any other substance ; but we will gi*ant, for the sake of the 
argument, tliat the eartli beneatli its superficial covering con- 
sists of metals ; for it is only a matter of opinion ; and we may 
imagine it one substance as well as another. We are next 
required to admit that this metallic nucleus is of such a cha- 
racter as to admit of oxidisation hy the presence of water, the 
hydrogen being liberated and ignited. To determine the nature 
of the metallic nucleus, we must examine the character of the 
lava that is ejected, or the earths composing the crust of our 
globe, which are supposed by the theory to have been at some 
former period a part of the metallic nucleus. Dr. Daubeny 
accurately states that silica, alumina, lime, and iron are the 
chief ingredients of volcanic j)roducts. The metallic alloy, 
therefore, must be composed of silicon, aluminium, calcium, and 
iron. Now, of all electro-positive substances, silicon is the 
most incombustible ; it may be made whitc-liot in the open air, 
witliout evincing any tendency to burn ; and, so far from 
decomposing water at common temperatures, it may he boiled 
in that fluid. There is every reason to believe that silicon is 
not a metal, but has a closer resemblance to carbon, a non- 
inetallic substance ; but however this may be, it is so far from 
alloying with the metals, tliat it has no tendency to unite with 
other bodies, except when in a nascent state, or when double 
affinities are exerted. We cannot help remarking, tliat it was 
only a short time after Berzelius had discovered the properties 
of silicon, that Davy renounced his theory. A consideration of 
the pro[)erties of aluminium is equally fatal to the theory ; for 
it sustains no visible alteration by long boiling in water, even 
when in the state of fine powder, and oxidises only when raised 
to a red heat. Of calcium and iron we need not speak ; the 
former is only an imaginary substance, and the properties of 
iron are too well known to require a remark. 
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That any compound of these substances should fulfil the 
conditions required in the theory, is, we think, utterly impos- 
sible. It is true that metallic alloys are more oxidisable than 
pure metals ; but we have given a reason for the supposition 
that, if the substances of which we have spoken did exist in 
a deoxidised state, it would not be in union with each otlier. 
If it could be imagined that the earth was originally a ball of 
potassium, the theory might then be supported ; for the decom- 
position of w’atcr and the burning of potassu retted hydrogen 
might be supposed to mimic the exhibitions of Etna, if not of 
Tomhoro, But as the constituent elements of lava evince no 
tendency to act agreeably to our requisitions, wc must renounce 
the theory, unless w^e are willing to give the substances ima- 
ginary properties. No one would be led to think of a volcanic 
eruption from the effect of water on a cold cannon shot, y'et the 
chemical action is as strong in this experiment as it w’ould be if 
the water were acting upon the deoxidisc^d Jiuclcus of the 
earth. Iron is much more readily oxidised than the bases of 
silica and alumina ; for in a spongy state it w ill decompose 
water, and become red-hot on being ex})osed to the air at 
common temperatures. "We are, therefore, justified in stating, 
tliat we should as soon receive Southey's assertion that the 
atmosphere of Elysium and the Fortunate Islands consists of 
the protoxide of nitrogen, as this tlieory for an explanation of 
volcanic phenomena. 

It is but just to those who may support the theory w^e have 
attempted to disprove, that Dr. Daubeny's reply to our objec- 
tions should be here mentioned. We cannot, how^ever, avoid 
the remark, that although the Doctor has thought it necessary 
to reply to the objections, lie lias avoided any allusion to the 
objector ; probably from a fear that by converting him, he 
might find himself under the necessity of doing that whicli he 
has attributed to Davy. 

‘‘It has been alleged,” says the Doctor, “that the two 
principal constituents of lava, namely, the bases of silica and 
alumina, are not highly inflammable. Silicon, when perfectly 
pure, resists a w^hite heat without uniting with oxygen, and 
aluminium may be l>oiled in water without decomposing it. 
But in the first place it is rare to meet with these oxides, with- 
out finding them accompanied either with lime or an alkali, and 
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the basis of the former, we have reason, from Davy's experi- 
ments, to believe, is higlily inflammable ; the latter wc know 
to be so. 

“Secondly, silicon kindles readily if united with a little 
hydrogen, or with carbonate of soda : and aluminium, even by 
itself, burns brilliantly when heated to redness, and dissolves 
with the evolution of hydrogen, in very dilute solutions of 
potass. 

“ There is, therefore, no difflculty in imagining the combus- 
tion to bo ke})t up by means of silicon and aluminium, when 
once it has commenced hy the action of water, upon the potas- 
sium, sodium, or calcium present." 

If this answer to our objections w’cro as conclusive as it is 
undecided, imperfect, and objectionable, w’e might add as a 
further reason for our dissent, tliat many arguments might he 
gathered from the invasion it makes upon the laws which would 
govern the arrangement of a metallic nucleus ; tlie improbabi- 
lity of water being j)rcsent ; the uncertainty whether atmo- 
spheric air could r('aeh it ; and tlie doubt wliether any chemical 
action would be developed under great pressures; — each of 
these might, and the sum of them would, lead us to tlie con- 
clusion that the theory is doubtful, if not visionary. 

Dr. Daiibcny makes an admirable and comprehensive classi- 
fication of the theories of volcanic action, when he says, — “ the 
theories wliich have been propounded with tlie view of account- 
ing for the existence of volcanic action, may be divided into two 
classes — those which assume some chemical process of which 
the heat is merely an effect ; and those which, assuming the 
existence of the heat, deduce the other plienomena from its 
presence.” We have explained the only theory >vorthy our 
attention belonging to that class whicli assumes tlie existence 
of heat as an effect of the volcanic cause, and must now refer to 
the arguments by which those who maintain the primordial 
agency of heat defend tlieir opinions. 

That the earth's interior has a much higher temperature than 
its surface, has long been a prominent feature in geological 
hypotheses. But cosmogonists and theorists have not ^en 
satisfied with assuming a present condition, but have stoutly 
asserted the igneous fluidity of the primitive earth. It has 
sometimes stated, that the earth is a fragment of a body 
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that was, at the time of partition, in a state of fusion ; and 
this being assumed, its form may be readily traced to its diur- 
nal rotation. Sir William Hcrschel seems to have been enticed 
from his practical studies by a theory not less fascinating. 
This celebrated astronomer believed the earth to have been, at 
some past period, a mass of vapour, and attributes its present 
form to the condensation of the elastic fluid, an intense lieat 
being given out during the process of reconstruction. 1 1 is not, 
however, easy to comprehend either the philosr>phy of, or the 
necessity for, these theories, as there can he no reason why the 
Almighty fiat should not have called the earth into existence ns 
an independent solid body, without the cumbersome machinery 
with w'hich some philosoj)hcrs seem to be so much delighted. 
But with such speculations we do not at present concern our- 
selves, as they cannot guide to an acquaintance with the cause 
of the phenomena already explained. It is sufficient to know' 
that the interior lieat docs increase with the depth ; a fact 
proved by a variety of experiments, and doubted only by those 
who wish to disbelieve it. 

The earth is a reservoir of heat ; and this agent exists with 
an intensity sufficient to produce the phenomena ever attending 
volcanoes, earthquakes, and thermal springs. From the known 
effects of condensation, an increasing internal heat may be 
accounted for, so that theory in this instance is confirmed by 
facts. There may be a modification in the latio of the in- 
crease beyond a certain depth ; but should future experiments 
establish the accuracy of this supposition, many objections now 
made to the theory, wnth what show of truth and honesty we 
do not say, will be effectually answered. 

Those who differ in theoretical opinions, too often imagine 
their tlieories to be .diametrically opposed ; but when truth sliall 
be discovered, it may be found that none of the causi's zealously 
advocated by parties could of themselves produce the effects 
they are now supposed to explain. It is more than possible, 
that neither internal heat, chemical action, nor electrical currents, 
could alone produce tho volcanic phenomena ; but acting toge- 
ther, and they are knowm to lie in some degree dependent on 
each other, they may give birth to all the violent disturbances 
that agitate the surface of the earth. 

W e have now attempted to explain the most important facts 
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find theories in relation to the interior of the earth. It is not 
to he denied that there is much uncertainty and eiTor in many 
of the speculations which have been pr(>p08cd and defended 
by the geologists of the present day ; and we may antici- 
pate that more extensive investigations wdll disabuse their 
minds of the fallacies resulting from an impeiiect view of 
nature. The human mind may be admirably adapted to 
deduce principles from the information communicated by the 
senses ; but if that infoiTnation be inaccurate or partial, it will 
produce erroneous principles. A variety of circumstances may 
prevent the accurate perception of tiuth, but especially preju- 
dice and a partial view of facts. The se are, even in the present 
day, source s of error, for they still govern to some extent the 
reasoning faculties of the wisest men. We w’ould not, there- 
fore, force our opinions upon the reader, as though they were 
capable of the same rigid demonstration as a geometrical 
problem ; \vc would rather have them considered as elements 
of tliought, than as dogmatical conclusions. 

In the examination of the facts advanced in this chapter, 
there are two things which appear to us particularly evident, 
written as it were upon the face of every stratum that foims a 
part of the earth’vS crust : fimt, that a series of causes have acted 
in the production of rocks, differing from each other either in 
character, extent, or intensity ; and secondly, that the condition 
of these rocks gives evidence of tlie existence of more violent 
igneous agents than arc now in operation. 

1. The beds forming the crust of the earth being distinguished 
from each other by mechanical and chemical composition, and 
each bed, or suite of beds, being remarkable for some oi-ganic 
remain jK'culiar to itself, there is evidence of the existence of 
secondary causes from the period when these rocks were formed; 
and the variety of agents sup])oses an interval of time between 
their successive operations. To imagine that a bed of sand and 
a bed of gravel could have resulted from the same physical 
force, or that there was not a perceptible interval of time 
hetw^eeii the deposition of a limestone, its disturbance by inter- 
nal forces, and the formation of another bed upon the dislocated 
stratum, would effect as great an alteration in deductive reason- 
ing as the volcanic force produced upon rocks. Great minds 
iDay he guilty of excessive folly iii their effort to support a 
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favourite hypotlicsis, and do sometimes resort to arguments 
they would condemn if employed by others. It has been 
maintained by some writers, who have had ample opportunities 
of examination as well as of reading, that a continuous scries of 
causes, acting within a very short period of time, if not a single 
cause, produced all rocks, and occasioned t lie disturbances which 
they are now known to present. The Mosaic deduge hiis been 
considered sufficient, both in intensity and period, to account for 
all the varied phenomena to which we have refcTred. But this 
supposition is op}) 0 sed by facts too evident to be denied. 

2. If the interior of the earth has a higher temperature than 
its surface, there is a probability that the ratio was greater 
when the ancient rocks were in the process of formation, than at 
the present moment ; and this is deduced from the abundance 
of igneous rocks, as well as from the fact that heat is dissipated 
by radiation. In every age the volcanic force h<is been active, dis- 
torting strata, and ejecting among them igneous products ; but it 
appears to have been most violent during the formation of the 
older rocks, a deduction that coincides with the supposition of a 
decreasing superficial temjx'raturc as the result of radiation. 

But wliatevcr opinions may be entertained after an examina- 
tion oftlic earth’s crust, it will be universally admitted that 
the arrangement of the mineral masses is not fortuitous, but 
the consequence of that pre -ordaining j)ower which adapted 
all natural agents to aid in the suppoit of life under pleasurable 
conditions. The sun may shine upon some worlds with an 
energy equal or superior to that with which it falls upon the 
earth, and it may diffuse over them the same vivifying rays ; 
but if they arc so constituted as to present a suiface inapt to 
the reception of the life-supporting agency, then the solar rays, 
so far as those worlds ai’e concerned, ai*e useless. But the eartli 
is so formed, that it is suited to receive such influence from sur- 
rounding causes, as is calculated to maintain life. It should 
then ever be remembered that man acknowledges the display of 
Divine wisdom in the creation, because he perceives that in all 
parts of the mundane system there is an exact proportion be- 
tween agents and the substances upon which they act. 
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LAND AND WATER. 

Distribution of Land and Water. — romiation of Rocks. — Continents. — Moun> 
tains, — Mountain Ch.a;uh. — Caverns. — Hprings. (Uaeiers. — Rivers — 
CascadcH and Cataracts.—Lakes.—Levol uf the Oc('.un. — Colour and Phoft* 
phoresecnee td the 8ea.— Tem])eraturo of tlie iSea.— Icobi^rpg.— Water- 
S|>out8. — Waves.— Tides. — Currents —Chemical Coinjvohition of ISubstances. 
Cohesion. — Crystallisation — Chemical Attraction.— ( kunposition of Water 

The superficies of the earth is estimated at two hundred 
million British square miles, and consists of land and water. 
Seven-tenths of this surface are occupied by water, and a portion 
of the remaining tliree-tenths is actually beneath the level of 
the ocean. A large proportion of the dry land is situated in 
the northern hemisphere, the southern hcmis])hcre presenting 
a broad and almost uninterrupted surface of water, the Pacific 
Ocean itself being of greater extent than all the dry land on 
the surface of the earth. Humboldt estimates the dry land 
between the tropics, in the northern and southern hemishercs, 
as being in the ratio of five to four, and without tlie tropics as 
thirteen to one, the northern hemisphere being the greater in 
both instances. 

This relation between land and water has not, in all proba- 
bility, constantly existed. The loftiest elevation upon the sur- 
face of the globe may have been, at some past period, beneath 
the level of the ocean, and the agent which elevated it may act 
at some future period upon the bed of the present sea, and 
raising it to the same elevation, entirely change the relative 
distribution of land and \vater. If it be denied that the dry 
land has once been the bed of the ocean, how can the presence 
of organic remains in rocks be accounted for ? It must not be 
supposed that the ancient shells found in rocks are merely dis- 
tributed over their surface, for they form an integral portion of 
the beds, and are so disseminated through them that the rocks 
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and the shells must have been deposited at the same time. But 
that which was tin? bed of the sea is now dry land, and conse- 
quently one of two tilings must have happened : either the dry 
land, as it then existed, was depressed beneath tlie level of the 
ancient basins, and received their contents, or the bed of the 
sea was raised so as to form new valleys foi- the reception of 
the waters. There can be no doubt as to which of these two 
causes produced tlie present relative condition of land and 
water. Rocks have been violently tilted from a horizontal 
to a liighly-inclined or vertical position ; iin incuse masses of 
igneous rocks have been ejected from the interior of the earth, 
and form, as it were, immoveable walls, against which the dis- 
turbed strata are piled in succession. Some local results may 
be due to depression, but all the great movements to which the 
earth’s crust has been subject may be traced to elevation. 

\\'’e need not refer to a very distant era, geologically consi- 
dered, to find evidence of an alteration in the relations of land 
and water. The ancient beaches are among the most recent 
geological formations, and give evidence of at least a partial 
though by no means unimportant elevation, after the deposition 
of the most recent tertiary deposits. On the English coast then* 
are not many examples, but tlicy are sufficiently numerous to 
prove that it was in many places upheaved with the beaclies 
that had been formed by the washing up of shells, pebbles, and 
other marine productions. There is a good example at Ply- 
mouth, and another on the Devonshire coast, near Babbticombe, 
and also one on the opposite coast, in the island of Portland. 
We know that some geologists are unwilling to admit that these 
ancient beaches were produced by elevation, but it is really no 
objection to the theory that they only occur in small masses 
here and there ; for it may be easily admitted that the fractures 
produced by the elevation would tend to destroy the continuity 
of beds, and that the destroying agents which have for ages 
since that event been acting upon our coasts would, in all pro- 
bability, have removed the greater portion of the masses that 
remained as the evidences of the event. There is reason to 
believe that these beaches were formed after the deposition of 
the crag, if we may attempt to determine the relative ages of 
rocks by the organic remains they contain, and that the force 
which elevated them was one of the last dying throes of that 
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intense volcanic power which had been long before rapidly 
expending its energy, and is now so weakened as to produce 
comparatively small and always local effects. 

But although the changes in the distribution of land and 
water have, since the period when the beaches were raised, 
been effected by moderated agents, yet we know that causes do 
exist by which districts once covered with water are delivered 
up to man, while on the other hand the sea makes rapid en- 
croachments upon that which has been for centuries his patri- 
mony. The effects of thest^ causes are produced so slowly that 
they frequently pass unnoticed from generation to generation, 
and yet tliey are effecting mighty changes in the distribution 
of land and water, and, if sufficient time be allowed, will ulti- 
mately give a new character to the physical appearance of the 
earth's surface. 

'flic subjects embraced in this chapter are too extensive, and 
the space for discussion too narrow, to admit a detailed descrip- 
tion of the Operation of those causes wliich are now effecting 
an alteration in tlu^ distribution of land and water, but a few 
I'emarks are necessary. 

There is no physical agent too weak to assist in altering the 
relative distril)ution of land and water. The soft breezes which 
blow at evening from the boundless ocean, the gentle shower 
which refreshes the thirsty earth, and even the heat and light 
w'hicli emanate from the gi‘cat orb of day, have some influence 
in carrying on that constant series of changes observed on every 
hand by the man who devotes liimself to the investigation of 
nature. It is so common an error to su})pose that the most 
violent causes are the most destructive, that ])ut few ])ersons 
would imagine rivers to be more active than the devastating 
volcano in changing the superficial appearance of the earth. 
Time and pei*severing activity effect more than casual impetu- 
osity ; a statement wliich is as true in relation to mind as to 
those agents which act upon matter. The volcano whose 
periods of activity may be separated by years or centuries does, 
when excited, produce tenable effects upon the district in which 
it is situated ; but the river ripples along its course day after 
day, and is every hour bearing to some distant sea a portion of 
the material it has collected. 

There are four agents remarkably active in the destruction 
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and recomposition of rocks — heat, air, water, and chemical 
action ; and there are but two conservative princi])Ie8 — cohesion 
and vegetation. The agents of destruction fretjuciitly act in 
concert, and in many instances effect, by their ceaseless oi)era- 
tiori, tlie decomposition of rocks which have for ag(^s sustained 
unmoved the impetuous action of the most violent forces. 
W ater will cut a path through the hardest rock, and heat will 
reduce its materials to a state of fusion ; or the two agents may 
act together upon a bed whose particles have very slight cohe- 
sion, blit are bound by a luxuriant vegetation. If a cliff com-* 
posed of clay be periodically attacked by the water of the 
ocean, and in the interval dried by solar heat, the frequent 
change of condition will soon break away mass after mass, in 
spite of the binding intluence of vegetation. But in order to 
trace the changes which are in progress, it is necessary to exa- 
mine the subject under two aspects, — the destruction and the 
recomposition of rocks. 

I'he atmosphere and water act botli chemically and mecha- 
nically upon rocks, and in any attempt to trace with minute- 
ness the nature of the changes produced, it would be necessary 
to investigate the influence of each in all its diversities of 
operation. 

The atmosphere lias a mechanical action upon rocks, espe- 
cially when it contains a large quantity of water. The weather- 
ing of rocks, as this effect has been called, may he observed 
more or less in all districts. Air, when in violent motion, as 
in hurricanes, is a d(‘stroyiiig agent of no common power, and 
even the mineral ma^^ses are disturbed and their combinations 
brokem under its terrific influence. 

Water is a more active agent, for whether it passes over the 
surface, or {>ercolates tlirough strata, it cariics away a portion 
— in some cases, it is true, a very small portion — of mineral 
matter. Water, wherever it is found, holds in solution some 
mineral substances. The amount of detritus accumulated 
will always depend upon tlie velocity of the stream, and the 
solubility of the deposit through or over which it passes. It 
has been frequently mentioned, that rivers containing a large 
body of water do always carry down their courses an immense 
(quantity of argillaceous matter, or deposit it in tlieir beds. But 
to estimate the effects produced by water when in the condition 



ACTION OF WATER. 


of violent motion, the inquirer must examine the influence of 
iin})etuous mountain torrents and occasional floods. 

Heat is an important agent in the production of change in 
the superficial appearance of the earth, or at least of districts. 
'Fhat volcanoes, earthquakes, and thermal springs, are due to 
internal lu^at, is admitted hy a»ll persons, though there is a dif- 
ference of opinion as to the cause of that heat. Volcanoes have 
their effect in the ejection of Ihpiefied rocks over distidcts of 
greater or Jess extent, and in the still wider distribution of 
pumice and Sv*oriaB. Karthquakes act variously upon the sur- 
face ; sometimes raising and sometimes dejircssing an island, a 
coast, or a country, and not unfiecpiently producing enormous 
fissures, diverting rivers from their courbes, and leaving putrid 
lakes on the sites of fertile dihtricts and noble cities. Thermal 
springs d(‘j»osit. large (juantities of lime and other minerals; and 
although they may now appear inadequate to the production 
of extenbive effects, they liave proliahly in past ages given birth 
to deposits of immense thickness and extent, and are not in the 
pres(‘nt day unimportant agents. 

In whatever district our iiujuirics are made, we discover that 
some or all of these agents are acting upon rocks, destroying 
the continuity of their particles, and accumulating them in 
heaps, or distributing them over districts. But it will he 
necessary to inquire, what is the ultimate destination of the 
detritus thus produced ? — does it remain upon the spots in 
which it is formed, or is it carried from tliese to some distant 
regions, to form new compounds, and again to assist in the 
composition of mineral masses? 

M^ater is the principal agent in the decomposition of the 
superficiitl earthy materials, iind it has also tlie most important 
influence in the recomjiosition of the parts which are removed. 
Atmospheric causes, acting upon elevated districts and moun- 
tain chains, feej>aratc from rocks a portion of tlu'ir mass in large 
fragments, or in minute decomposed ])articleH ; hut they would 
remain on the spots where they were juuduced, if they were 
not subject to the action of moving water. By the melting of 
snow, and the fall of rain, a considerable body of water is pro- 
vided, and streams of larger or smaller extent rush down the 
sides of mountains, occasionally uniting together, and forming 
torrents which have an overwhelming momentum. The loose 
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and detached fragments are consequently carried down the 
mountains into the valleys, or rather into the rivers of which 
the mountain streams are the source. But the quantity is con- 
stantly increasing ; for not only docs every auxiliary stream add 
something to the amount, but the water is everywhere acting 
upon the banks of tlie channel it has made for itself, and ex- 
tending its influence over the land. Rivers frequently form 
new beds, gradually cutting a passage through districts in 
which the water can be more equably distributed. We must 
therefore look for this detritus in tiie beds of rivers, and in the 
basins to which they flow. Lakes which receive the waters of 
rivers are nearly all becoming leSvS dee]), in consequence of the 
eartliy matter carried into them; and if the ocean be examined, 
immense banks of clay and sand will be discovered in it. Should 
any volcanic force, similar in intensity to that of former ages, 
elevate these deposits, they w^mld in a fevv years })rcsent an 
appearance in every way resemlding some of those which now 
constitute the dry land. But admitting that no such agent 
can ever act upon tlie crust of the eartli, tlie gradual accumu- 
lation of tliese deposits must ultimately affect the distribution 
of land and water, by causing the ocean to advance upon dis- 
tricts once distant from it, and the banks and shoals of the 
ocean to appear as islands. It is evident, then, that there is no 
stability in the relative amount or position of land and water ; 
the present distribution has resulted from a combination of 
causes that have acted from the beginning of time, and it is 
constantly changing, though so slowly that the period of a 
man’s life is, in many instances, too short to produce an effect 
sufficiently extensive to be detected by an acute observer. But 
there are causes in existence which are calculated to limit the 
destruction of rocks, and more especially to prevent the casual 
distribution of the masses formed by the process of recomposi-, 
tion. 'I'here is, in fact, reason to believe, that how rapidly 
soever the decomposition may go on, the position of masses in 
relation to the globe itself cannot greatly change, though the 
materials may enter into new combinations, or form parts of 
other masses of smaller or larger dimensions. 

We may now proceed to examine, with a little more parti- 
cularity, the features which distinguish the present distribution 
of land and water. The greater portion of the land is included 
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in two masses of considerable extent, called continents, and 
these are soparated by basins or valleys containing water, called 
seas. Here and there smaller and detached portions of land 
are found, having a greater or less elevation above the level of 
the water, and those are denominated islands; and so also small 
bodies of water are in some places suiTounded by land, and 
these are called lakes. Some geographers have considered 
Australia as a continent, while others have described it as an 
island ; if magnitude be the distinction between continents and 
islands, it i^s difficult to say whether it ought to be considered 
as belonging to one or the oilier, for it may bo esteemed with 
equal propriety the smallest of the continents or the largest of 
the islands. On account of its evident connexion with the 
islands by which it is surrounded, it may, wc think, be classed 
with that group, which together form an archipelago. 

If the outline of the continents and islands were perfectly 
even, few other terms of distinction would be necessary in 
physical geography ; but this is not the case, for the land is 
everywhere more or less indented, the indentations being either 
permanently or occasionally occupied by water. 'W^hen the 
ocean extends for a considerable distance into the interior of 
an island or continent, and has in j)roportion to other internal 
bodies of water a considerable extent, it is called an inland sea; 
such is the Adriatic, the White Sea, and the Mediterranean. 
When the surface of an inland body of water is loss, and the 
opening by which it is connected with the; ocean wider, it is 
called a gulf or hay ; and when still smaller, and nearly sur- 
rounded by land, it is called a port, creek, or road, according to 
its extent. It will be evident that the names given to these 
masses of water depend upon their proportions in relation to 
each other, and the definitions must consequently appear ex- 
'ceedingly vague ; hut it would be difficult to give them a more 
particular application, and it must he acknowledged that they 
are generally adequate for practical purposes. The same 
remark applies to those small masses of land which project into 
the ocean. A peninsula is a neck of land which entei-s the sea, 
and is connected with a continent or island by only a narrow 
surface. The smaller projections are called capes, promon- 
tories, or points, according to their size. 

The surface of the land varies in elevation as well as in its 
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horizontal form, and this circumstance produces the necessity of 
adopting other distinctive terms : we have consequently moun- 
tains, hills, ])lains* and valleys, as descriptive of the various 
elevations of the solid portions of the earth’s surface. TJiere 
are also terms to distinguish the circumstances under wliich 
water is sometimes found, such as springs, rivers, and cataracts. 

CONTINENTS. 

The old continent, or world, as it is usually called, which 
comprehends the three great divisions, Europe, Asia, and Afi'iea, 
has a general direction from south-west to north-etist, but, ex- 
cluding Africa, is nearly parallel to the equator. ’J he new 
world, which lies in the western hemisjdiere, and includes 
North and South America, lies in a nearly north and s<Jiith 
direction. I'he longest line that can be drawn across the old 
world would commence on tlie western coast of Africa, neftr 
Cape Verde, and terminate on tlie shore of Behring’s Strait, on 
the north-east coast of 7\sia, and would measure a])Out eleven 
thousand miles. A similar line over tlie new world would 
have its directi(»n from the strait of Terra del Fuego to the 
arctic shore of North America ; its length would he about nine 
thouvsand miles. 

The continents have several features in common ; a fact which 
seems to indicate that some universal agent was active at the 
period of their formation. All the peninsulas, with the excep- 
tion of t>vo, one in each world, have a southerly direction. The 
exceptions are the peninsula of Yucatan, in Mexico, and Jutland, 
in north-westeni Europe. There is also a similarity between the 
two great divisions, in the union of continents, and th(‘ manner in 
which that union is completed. North and South America, 
forming the new w'orld, arc connected by the Istlinius of Darien. 
The old world may be considered as though divided into two* 
parts, the western including Europe and Africa, the eastern 
Asia and Australia ; the foiiner are united by the Isthmus of 
Suez, and the latter by the islands of Java and Sumatra, and 
others, which form as it were a broken isthmus. In these par- 
ticulars there is a great resemblance between the old and new 
worlds ; but there are many points in whicli they differ 
from eacli other, and particularly in the form of tlieir coasts. 
The coasts of the old world, excepting Africa, w^hich is singu* 
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larly even, are deeply indented ; gulfs}, bays, and inland seas, 
giving a constant character to every shore ; hut on the western 
side of the new world there is only one considerable inlet, the 
Gulf of Carpentaria, 


MOUNTAINS. 

The elevations upon the siirfacti of the earth are knowTi as 
mountains or hills. The distinction between these is not so 
definite as might be desired; for if we were to attempt an 
explanation c f what is meant by a hill, we could only say, an 
elevation less than a mountain. There is in fact no Indglit at 
which the elevation ceases to he a hill and becomes a inoxoitain ; 
the terms are relative, and every observer must deci<le for him- 
self whetlicr the one or the other should he employed, It is 
necessary to observe that a distinction must be made between a 
plateau and a mountain. A plateau is an upland plain, and ivS 
generally situated in the centre of a continent or island. In 
South Auu'rica these plains are exeeedingly numerous, and 
have a c onsiderable elevation; but as thi'y are often (juite level, 
the inhabitants have not tlie slight(‘st idea of their height. The 
plain which surrounds the mountain Antisama occupies a 
surface of twelve leagues, and is 13,451 feet above the level 
of the sea. 

Mountains present a great variety of forms ; some arc bold 
and rugged, with vast precipitous projections that assume a 
highly romantic appearance ; others are marked by a siniwth*- 
ness or tameness of outline. Some appear as thongli they had 
been formed by the heajang up of imnumse crystals confusedly 
upon each other, and others as though theyliad been produced by 
the ejection of igneous rocks in a lignid state. These and other 
foims may be traced to the existence and operation of geological 
causes. Mountains consisting of granite are geiu'rally lofty and 
rugged ; of gneiss, projecting but less precipitous. Soiue of the 
highest summits in the new world consist of old volcanic rocks ; 
— Chimborazo and Antisama are cap})ed with vast masses of 
porphyry ; but the higliest mountains of the old continent are 
composed of granite. A geologist accustomed to examine the 
primitive rocks may often detect tin* pn^sence of a particular 
rock by the appearance of a district, in the same manner as a 
less experienced observer would by the form of the hills con- 
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vince himself, even at a distance, that he was approaching a 
chalk district. 

Mountains have alwa3’s a greater declivity on one side than 
on others, and general!}' that which is nearest to the sea is the 
most steep. The Alps have a much more abrupt descent on the 
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Italian than on the Swiss side; the Himalaya mountains are 
steepest on the south-west, and the Elboors on that side nearest 
the Caspian sea ; and Mount Taurus, in Ai’inenia, has its 
greatest descent on the north side, but near to the Mediterra- 
nean on the south. Almost every other mountain of consider- 
able elevation will give evidence of the same fact. It is also 
worthy remark that tlie most elevated mountains are commonly 
situated in the interior of the countries in which tliey occur, 
and gradually decrease in height as they approach the sea. 
There are however some exceptions, and there is a very 
remarkable one in the mountains of Spain, which increase in 
lieight near the bay of Biscay ; so that Bilboa, a sea-port,, is 
actually surrounded by mountains. 

A series of mountains having the same base is called a chain ; 
thus we speak of tlie Uralian, Alpine, or Caucasian chain. But 
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when these chains are xmited together, they are called a system; 
the American mountains, for instance, are spoken of generally 
as the system of the Andes. But some mountains are insulated, 
as are many of those in China and in Iceland, and also the rock 
of Gibraltar. Terras do not always have tlie same confined 
acceptation in science as they would if employed in common 
use, and this frequently leads the student into error. A chain 
of mountains does not necessarily mean a series of elevations 
situated in the same line ; some chains have this arrangement, 
as the Corjillenia des Andes, but the terra is applied to a 
number of mountains thrown off from a common centre in 
different directions, or to the inferior ranges which often branch 
in great numbers from an elevated central district. 

AVe must now close our remarks upon mountains, with a 
short and general outline of the important discoveries made by 
M. Elie de Beaumont. In the last chapter, an attempt was 
made to explain the manner in which geologists determine the 
age of rocks, and the periods when they were elevated. M . de 
Beaumont has adopted the same means to discover the periods 
when mountains were formed, and from his observations has 
deduced some j)rinci])les wdiich are worthy the closest exami- 
nation of the geographer and geologist. It may require a 
considerable period of time to determine how far we may 
receive some of his deductions, but there are others which are 
now susceptible of a demonstration as rigid as many acknow- 
ledged geological principles. 'Fhere are four statements upon 
which all M. de Beaumonts theoretical opinions are founded. 
The statements themselves may be considered hypothetical 
by some writers ; but if they are so, they are supported by 
evidence much stronger than that upon which theories are 
usually built. 

1. There liave been, from the earliest geological era, long 
periods of comparative repose, during which rocks have been 
formed by aqueous causes in the same manner as they are in 
the present day. 

2. These periods have been disturbed by intervals of violent 
paroxysmal action, and at such times mountains have been 
elevated. 

3. All the mountains formed during the same interval, in 
whatever part of the world they may be situated, have the 
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same direction, — that is to say, they are [>arallel to each other 
within a few degrees of the compass. 

4. Chains produced at different times have different direc- 
tions. 

There are few if any geologists in the present day who will 
deny the first i)roposition, that the aqueous rocks of the earth’s 
crust were produced by causes resemhliug those which are now 
instrumental in forming similar deposits. But there is not so 
great a unanimity of opinion c(mceniing the second statement, 
for it has been maintained that no such iiiterv^als liave occurred ; 
but that strata have been occasionally distiir))e(i by forces equal 
and similar to the volcanic force of the present da}^ and that a 
series of these })roduced mountains. 

Mr. Lyell differs from M. de Beaumont on this subject, but 
the terms of his objection do not appear to us so sound as might 
be expected from a geologist of much acuteness and research. 
‘^Thc geologist,” he says, ’'‘who assumes tliat continents and 
mountain chains have been }icav(‘d up suddenly by paroxysmal 
violence, may be con.sidered as pledging himself to the o{)inion 
that the accumulated effects of ordinary volcanic forces could 
never in any series of years produce aj)])earanccs such as w^e 
witness in the earth’s crust. Time and the progress of science 
can only decide whether such an assum})tion is warranted, or 
wheth(;r, on the contrary, it does not spring from tw’o sources 
of prejudice ; first, the difficulty of conceiving the aggregate 
results of a great number of minor convulsions ; secondly, the 
liabit of viewing geological phenomena witliout any desire to 
explain them as the effects of modc^rate forces, such as we know' 
to act, instead of that intense degree of energy, the occasional 
development of which, how'cver possible, is entirely conjec- 
tural.” 

There are many geologists who have confessed their con- 
viction that the volcanic force, as exhibited in its effects at 
the present time, could not liave produced such ajipeaiances as 
we witness in the earth's cru.st ; and by so doing tliey pledge 
tbeniaelve.s to hold that ojnnion until tliey are convinced that it 
is erroneous. If their opinion be founded on an assumption, it 
cannot be more violent than that admitted by Mr. Lyell, and 
those who agree with him. But Mr. Lyell attempts to account 
for the opinions of those w'ho have upon this subject arrived at 
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a conclusion opposed to his own. As one reason, he states, 
that we have ‘‘the habit of viewing geological ])henoTnena, 
without any desire to explain them as the effects of moderate 
forces, such as we know to act.’' If this be the cause of our 
peculiar opinions in tliis matter, it is a better evidence of their 
accurac}^ than of their falsehood ; for in all philoso])hic^l 
incjuiricb the mind should be divested of partiality to pre- 
conceived opinions, and judge of causes by the nature and 
extent of the effects. 'Fhe other reason assigned for our 
conclusions, the difficulty we have found “ of conceiving 
the aggregate results of a great number of minor revolu- 
tions.” In this there is some degree of egotism, for we may 
have rightly conceived the effects that would be produced 
by a number of minor revolutions, tliough that conce]>tion 
does not agree with the one formed by our o]>ponents. To 
defend the supposition that tlie mountain chains were elevated 
by a paroxysmal force, rather than a series of minor convul- 
sions, would lead us to a series t)f argmnents which must be 
extended to a much greater length than our now^ limited space 
would admit ; and it would be necessary, for tliose who main- 
tain an opposite opinion, to state first of all, whether the series 
of forces mentioned by them had at all times the same degree 
of intensit} , or were in this particular as variable as at the 
present moment, 

Mr. Lyell, however, gives, in another part of his Principles 
of Geology,” a more deftnite view of his objection to Beaumont’s 
theory. In deteruuning the period of a disturbance or an 
elevation, it is of course only possible to state that it happened 
during an interval anterior to one event and posterior to another, 
and that interval may have been an instant or a protracted 
period of time. Mr. Lyell assumes that the periods of revo- 
lution were of considerable duration, and that successive opera- 
tions of the volcanic force produced the mountain chains. Tiiis 
opinion is evidently maintained as consistent wdth his tlieorctical 
opinions in general ; for in another place lie says — “ Before we 
can reasonably attribute extraordinary energy to any known 
cause, we must be sure that its usual force would be inade- 
quate, though exerted for indefinitt^ ages, to produce the effects 
required.” Tins might be done, we think, by comparing the 
present condition of rocks forming mountains with what might 
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be supposed to result fi*om a long- continued operation of a 
cause not more violent than that which is now active. But 
this is more than can be required of those who believe continents 
and mountain chains to have been produced by a sudden 
paroxysmal force. It is sufficient to know that the volcanic 
cause has not, wdthin the period of history, produced any effect 
that bears an analogy to those of wdiich we have been speaking; 
for it has only thrown up a few isolated cones, and in one or two 
instances raised a district to an insignificant height. Compare 
all that has been effected by volcanic forces since the com- 
mencement of this era, or what they may be expected to do if 
that era be extended for thousands of ages to come, with the 
meanest mountain chain, and then say whether the ordinary 
volcanic forces, acting for any series of years, could have pro- 
duced them. 

The other statements made by M. de Beaumont, that chains 
elevated at the same period have the same direction, and that 
chains of different ages arc not parallel, must be submitted to 
the test of very extensive and accurate obsci'vations. 

We may close these remarks with an extract from M. de 
Beaumont s owm paper on the subject. “ The fact of a general 
uniformity in the direction of all the beds u})heaved at the 
same epoch, and consequently in the crests fonned by these 
beds, is perhaps as important in the study of mountains as the 
independence of successive fonnations is in the study of 8uj)er- 
imposed bt^ds. The sudden change of direction in passing from 
one group to another, has permitted European mountains to be 
divided into a certain number of distinct systems, wdiich pene- 
trate and sometimes cross each other, without becoming con- 
founded. I have recognised from various examples, of which 
the number now' amounts to twelve, that there is a coincidence 
between the sudden changes established by the lines of demar- 
cation observed in certain cons(3Cutive stages of the sedimentary 
rocks, and the elevation of the beds of the same number of 
mountain systems. 

^ Pursuing the subject as far as my means of observation 
and induction will permit, it has appeared to me that the 
different systems, at least those which are at the same time the 
most striking and recent, are composed of a certain number of 
small chains, ranged parallel to the demi-circumferencc of the 
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surface of the globe, and occupying a zone of much greater 
length than breadth, and of which the length embraces a 
considerable fraction of one of the great circles of the U^rrestrial 
sphere. It may be observed respecting the hypothesis of each 
of these mountain systems being the product of a single epoch 
of dislocation, that it is easier geometrically to conceive the 
manner in which the solid crust of the globe may be elevated 
into ridges along a considerable portion of one of its great circles, 
and that a similar effect may have been produced in a more 
restricted spacti. 

“ How well soever it may be established by facts, the assem- 
blage of which constitutes positive geology, that tlie surface of 
the globe »has presented a long series of tran(piil periods, each 
separated from that which followed it by a sudden and violent 
convulsion, in which a portion of the earth’s crust was dislo- 
cated — that, in a word, this surface was ridged at intervals in 
different directions — the mind would not vest satisfied, if it 
did not perceive among those causes now in action, an element 
fitted from time to time to juoduce disturbances different 
from the ordinary march of the phenomena which we now 
witness. 

‘‘Tlie idea of volcanic action naturally presents itself when 
we search, in the existing state of things, for a term of com- 
parison ivith these great phtmomena. ’Fhey nevertheless do 
not aj)pear susceptible of being referred to volcanic action, unless 
we define it, with M. de Humboldt, as being the influence exer- 
cised by the interior of a planet on its exterior covering, during 
its different stages of refrigeration.” 

Having explained the appearance and origin of mountains, it 
would be necessary to refer to the probable formation of valleys, 
had we not already made some remarks upon this subject. 
Valleys have been produc^»d in two ways, by elevation and by 
denudation ; the former being generally the deeper and the 
more pi'ecipitous. The spaces occupied by the ocean are, in 
fact, valleys, and the continents arc but mountain chains. The 
sea, however, has not a uniform depth, hut its basin is diver- 
sified by elevations and depressions in the same manner as the 
dry land. 

Valleys which separate high mountains are usually long and 
narrow, having frequently their salient and re-entrant angles so 
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perfectly formed, that the sides would correspond if brought 
together. Instances of this have been observed in both the 
Alps and the Pyrenees. 


CAVERNS. 

There may be sometimes a difficulty in exj)laining the origin 
of those fissures and cavities wliichso frequently intersect strata, 
mid are especially numerous in mountainous countries, and in 
limestone rocks. They may, however, be usually traced to the 
sinking or elevation of strata by volcanic forces, or to the action 
of water. Some singular theories have been proposed to account 
for the formation of caverns; and we reineinher one that assumes 
their elevation by the expansion of gases given off by dead 
bodies burital in the strata, (lavcnis geiu rally consist of a series 
of galleries and apartments, to which the first open space is 
but the vestibule. Kivers take their rise in some caverns, and 
in othei’s they are lost. But this is not tlic only j)roof of the 
existence of subterranean waters, for we are assured of the fact 
by the phenomena which attend the activity of the volcanic 
force, by springs and other apjiearances. It is stated by a 
traveller, that in some of the caverns of Norway, the roar 
of the subtt^rranean torrents may be heard as they bound 
along their contracted channels, beneath the floor of their 
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gloomy recesses. A rivulet flows through the Peak Cavern in 
Derbyshire. The entrance to this beautiful cave is a deep 
depressed arch, 120 feet wide, and 40 feet liigh ; the cave itself 
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is about 800 yards in length. From some caverns, that of Mount 
Eoto, near Turin, for example, an intensely cold wind pro- 
ceeds ; and others give out malignant vapours. The roofs of 
some ai*e cov(;red with stalactites, pendent masses of calcareous 
matter, presenting singularly fantastic forms. The Grotto of 
Antiparos, situated in an island of tlie same name, one of the 
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Cyclades, has been long celebrated for the variety and beauty 
of the incrustations whicli cover its ceiling, walls, and floors. 

Springs, whicli frequently give birth to rivers and lakes, are 
found in nearly all districts. There is no class of natural 
ap[)carances that presents more varied and interesting pheno- 
mena, and few that more deserve the attention of the geogra- 
pher. Springs which are constiintly flowing, without any 
apparent diminution of quantity, are called perennial ; others 
are called periodical. An intermitting spring is one that flows 
at fixed intervals, such as that at Como, in Italy, described by 
Pliny, which rises and falls every hour ; and that at Colrnars, 
ill Provence, which rises eight times in an hour. There are 
also some spouting springs, such os those of Iceland, wliich rise 
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to a great height ; and the phenomenon is probably produced by 
the fall or pressure of the water contained in a reservoir at a 
considerable elevation above the aperture from which the water 
is thrown. Many springs are undoubtedly connected with the 
sea, for they rise and fall with it : this is the case with nearly 
all those in Greenland. 

If we turn from modem to ancient records, still more remark- 
able statements in relation to springs will bo discovered, but 
there are few of them that command belief. The Gnicks, 
whose warm and vivid imaginations gathered flowers of luxu- 
riant beauty from every walk in tlie garden of nature with 
which fancy wrought a garb to cover ignorance, were never 
weary of tracing the history of their fountains, and the deities 
wlio presided over them. There were sonic springs that caused 
death, some leprosy, and some gave tlie power of prophecy : 
oblivion was the result of tasting the waters of some ; and the 
mystic stream of Arethusa gave beauty. The man who has 
devoted any time to the perusal of the writers of anti(|uity, 
and stored his mind with tl)c biblc and imagery winch give 
life and energy to all their descriptions, can hardly fail, when 
he thinks of the natural appearances that prompted them, to 
recal to mind the impressions which the first perusal could not 
have failed to produce. 

No one theory is sufficient to account for all the singular 
appearances presented by springs, though it is probable that 
some one cause is more active than others, and may be the 
general agent, while others modify its results. Some persons 
liave attributed springs to the passage of water from the sea 
along subterranean channels into elevated natural reservoirs. 
But as water cannot ascend above its level, this theory cannot 
account for any of those springs which are situated above the 
level of the ocean, and consequently the doctrine of caj>illary 
attraction has been called in to aid the hypothesis. It is wxdl 
known that water will ascend small tubes and threads to a con- 
siderable height above its ordinary elevation, and it has been 
supposed that such forms may exist in the interior of the earth, 
and the water be thus raised alxive its level. But this theory 
cannot assist the speculator, because a liquid does not tiovr 
through a capillary tube, though it may be raised in it beyond 
the ordinary level. There is no doubt that many springs have 
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their reservoirs at an immense depth below the surface of the 
ground from ■which tlic water is thrown ; and it is more than 
possible that the water may be raised by the pressure of con- 
fined vapours, which, struggling for enlargement, force it 
through the fissures connected with its reservoirs. Dr. Hutton 
attributes springs to the percolation of wat(‘r through rocks into 
natural cisterns, from which it is discharged at a level lower 
than that of its collected volume. There arc many perennial 
springs in mountainous regions, and there is perhaps no other 
theory than this that will account for them. The fall of rain, 
and the melting of snow upon the summits of mountains, pro- 
duce a considerable body of water, part of which penetrates 
the j^ermeable strata, and is thrown again to tlie siiiface at a 
lower elevation along some fissure, or in tlie line of stratifica- 
tion. 


GLACIERS. 

The snow that falls upon the summit of mountains accumu- 
lates mpidly, and by its own weight, assisted by thaws and 
frost, is consolidated in masses of great thickness. Such 
masst's are called glaciers, and are found on the upper portions, 
and between tlie caps, of all lofty mountains. The appear- 
ance of a glacier must depend upon the cirenm stances under 
which it is formed. (Plate 10.) If it were possible to imagine 
the ocean ruffled by a gentle breeze and consolidated, or a 
boundless mirror of ice, the reader miglit have some idea of tlie 
forms in which a glacier is presented to the eye of the tra- 
veller ; but nothing less than the view can give him an ade- 
quate coiicc])tion of the ■wonderful scene, or tlio amazement, if 
not the terror, with which the appearance is first beheld. The 
traveller, as he passes over the mighty frozen ocean, may well 
imagm<^ that he feels the billows swelling beneath his feet ; he 
stands in a new world, surrounded hy new scenes ; no living 
object is tliero, and no sound except his own enfeebled voice, and 
the detonations of the ice as it tumbles in fragments down the 
yawning precipice ; not a flower or a tree can be seen, except 
the lonely pine, wOiich seems to lx‘. left to moum over the grave 
of nature. But even this desolate region has its use in the 
economy of nature ; for it is the reservoir of those springs which 
distribute fertility through the plains, and gives that in gentle 
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streams which would otherwise rush headlong in its fury to the 
valleys, and leave ruin and desolation in its path. 

RIVERS. 

Rivers generally take their rise in mountainous countries, 
from the melting of ice or from springs. When the fall of the 
water is gentle, the stream is called a rivulet ; when violent, 
a torrent. Nothing adds more to the romantic character of a 
mountainous district than a toiTent tumbling from declivity to 
declivity with accumulating velocity and fearful noise. The 
union of these streams produces rivers, and they, after passing 
over a greater or less extent of country, generally discharge 
themselves into either the sea or some large inland lake. As 
springs are most abundant in mountains, rivers usually take 
their rise in elevated districts, and the largest rivers in moun- 
tain chains. Every ridge of high land running through a con- 
tinent or a country may therefore be considered as the origin of 
rivers ; for on each side it pours forth the refreshing streams 
which meander througli the vales, and, having pciformcd their 
destiny, discharge their surplus water into the ocean, from wdiich 
it will be raised by the process of evaporation, and wlien 
collected roiin^ some mountain s brow, be again condensed and 
peidorm a similar duty in the same or some other channel. 

The beds of rivers liave been sometimes formed by the action 
of water, and at other times by the paroxysmal revolutions to 
which we have referred. It is evident, how'cver, that if there 
were no declivities there could be no rivers. A body of water 
would not move in one direction more than another over a 
perfectly smooth plain, hut diffuse itself over the entire space, 
having at each part ]n*ecise]y the same depth. IV^ater, there- 
fore, must bt' directed into some declivity before it can have a 
collected, and consequently abrading, force ; but when it has once 
obtained a momentum, it throws itself forward, and particularly 
if its volume be large, with tremendous force, scooping out for 
itself a channel. Genemlly speaking, the mouths of rivei’s are 
considerably lower tlian their sources ; but this is not always 
the case, for the sources of many of the largt; rivers in European 
Russia are very little above the level of the Baltic. The 
rapidity of a river does not entirely depend upon its declivity, 
hut on this combined wdth the volume of its water, and the 
momentum it possesses at its source. The bed of the Danulie 
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is not so inclined as that of the Rhine, yet, in consequence of 
its greater volume of water, it is more rapid. The declivity of 
the Amazon is not more tlian one-twenty-seventh of an inch 
to every thousand feet, and yet its momentum is great ; and 
the Seine, between Valvais and Sevres, has a declivity of but 
one foot to sixty-six thousand feet of its course. 

Rivers may discharge themselves into the sea or lakes, 
or they may be lost among marshes. Previously to Landers 
voyage down the Niger, that river was supposed to lose 
itself in marshe s, after running through an immense tract of 
country ; and it has been prov(*d by Sturt, that this is the fate 
of many of the rivers of Australia. Some rivers discharge 
themselves into lakes ; as, for instance, those that flow into the 
Caspian, and tlie Murray, which terminates in the Lake Alex- 
andrina. But by far the largest number of rivers enter the 
sea, and the phenomena produced by the mingling of the 
waters, each liaving a force of its own, are sometimes very 
remarkable. Mlien the mouth of a river is large, it may 
quietly throw its water into the sea ; but if narrow, a violent 
struggle ensues between the tide of the one and the current of 
the otlier. To this circumstance, the bars which are frequently 
formed across the mouths of large rivers may be attributed. 
I'ravellers have spoken of the teirific spectacle producxjd when 



TUB OAN(lKS. 


the tide of the Atlantic meets the current of the Amazon. 
It is like the conflict of giants — the earth trembles wdth the 
roar of the billows — and man flies in terror from the scene of 
encounter, y 2 
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Some rivers have but one communication with the sea, other# 
discharge themselves through several channels. The Ganges 
has not less than eight, each of which appears to have Ix^en at 
some time or other the principal. This mighty river receives 
the water of several tributaries as large as the Rhine, and its 
source has an elevation of 13,800 feet above the level of the 
sea. 

Some rivers, especially those situated between the tropics, 
have a periodical rise. This was observed by the ancients in 
the instance of the Nile, and, as no rain falls in Egypt, they 
could only consider it as one of the mysteries of nature, and 
supply the place of truth with fable. All rivers thus situated 
are liable to these overflows, hut the degree and pexiod depend 
upon local circumstances, though they are in all instances 
caused by the seasonal rains which fall in tropical countries* 
When the thirsty earth, burnt up with the heat of a meridmn 
sun, has been saturated with the descending torrents of 
rain, the rivers are swollen, and overflow their hanks, not 
merel}’ in those places where tlie rain actually falls, hut 
throughout their courses. The rise of the Nile is occasioned 
by the rains which fall on the mountains in the interior of 
Africa ; hut it is not until about two months after the com- 
mencement of the rainy season that the overflow' reaches that 
f»ait of the" Nile wdiich fiow’s through Egypt ; and it then 
rapidly quits its hanks, spreads over the country, and gives fer- 
tility to a district that would otherwise be as desolate and barren 
as the deserts by which it is bounded. 

OASCADKH AND CATARACTS. 

When rivers flow through mountainous countries, they are 
frequently thrown dowm precipices produced by the dislocation 
of rocks, and form cascades or cataracts. But cataracts are 
sometimes formed by the water of lakes ; as for instance those 
of Niagara. They present various appearances, according to the 
circumstances under which they are projected over the lodge of 
rocks. Sometimes the w'ater is throwm in a broad and unbroken 
sheet; sometimes from ledge to ledge, presenting alternately 
the appearance of a slab and a wrall ; sometimes it is broken 
before it reaches the bottom, and is dissipated in showers, as 
that of Staubbach ; while at other times a fine arch of water is 
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formed, under which the traveller may pass without receiving 
a spray from the descending torrent. But the most pictures(jue 
cataracts are tliose which consist of large bodies of water, having 
a considerable velocity, and discharge themselves between pre- 
cipitous rocks : of these we have many examples in Scotland, 
Whales, and the north of England, and to a few of them we may 
direct the attention of the reader, as situations whore the 
appearances they present may be studied, while at the same 
time beautifully picturesque scenery may be enjoyed. 

Corra Linn is a celebrated waterfall on the Clyde, and is 
calculated to be eighty-four feet deep, but the water is thrown 
over in three distinct sheets, which greatly adds to the beauty 
of its appearance as a natural object, and illustrates the effects 
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of water upon rocks. Scotland abounds in cataracts, and 
some of them arc remarkably beautiful : the Fall of Bruar, the 
Cascade of Glamma in Glen Elchaig, and many others, have 
long been objects of interest. But the fall of Fyiu’s, situated 
to the east of Loch Ness, is the largest cascade in Scotland : it 
descends 212 feet, and is inclosed by broken precipitous rocks. 
In Ireland, there are also some remarkable waterfalls, one of 
the most beautiful of which is that of Powen’scourt, in Wick- 
low, a stream that flows down a steep declivity of 300 feet, 
amid beautifully variegated woods. 

We must not attach too much importance to these interest- 
ing appearances. Being usually produced by the dislocation of 
rocks, they are commonly situated in districts of great natural 
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sublimity, and to the lover of the picturesque are objects of 
great interest ; but it is quite evident that they are not of 
primary importance in studying the distribution of land and 
water. 

The largest and noblest cataract in the world is that of Nia- 
gara, which is situated in a strait of the same name, commu- 
nicating with Lake Ontario (plate 11). The following account 
is extracted from a paper, by Mr. Ellicot, published in the 
‘‘American Philos^iphical Transactions”: — “ I.iake Erie is 
situated upon horizontal strata, in a region elevated about three 
hundred feet above the country wdiich contains Lake Ontario. 
The descent which separates the two countries is in some places 
almost perpendicular, and the immense declivity formed by 
these strata occasions both the cataract of Niagara and the 
great falls of Cheneseco. This remarkable preci})ice generally 
runs in a south-western direction from a place near the bay of 
Toronto, on the northern side of Oiitario. round the western 
angle of the lake : from thence it continues its course generally 
in an eastera diw^ction, ciusshig the strait of Niagara and the 
Cheneseco river, till it is lost in the country towards the Se- 
neca lake. The w^aters of this cataract formerly fell from the 
northern side of the slope near the landing-place ; but the 
action of such a tremendous column of vrater, falBng from such 
an eminence through a long succession of ages, lias worn away 
the solid stone for the distance of seven miles, and formed an 
immense chasm, which cannot be approached without lioiror, 
Down this awTul chasm the waters are precipitated with amaz- 
ing velocity, after they make the great pitch ; and such a vast 
torrent of falling water communicates a tremulous motion to 
the earth, which is sensibly felt for some poles round, and pro- 
duces a sound which is frequently heard at the distance of 
twenty miles. The great height of the hanks renders the de- 
scent into the chasm extremely difficult ; but a person, after 
having descended, may proceed to the base of the falls ; and a 
number of persons may w^alk in peifect safety a considerable 
distance betw^een the precipice and the descending torrent ; and 
conversation is not much interrupted by the noise, which is 
not so great here as at a distance. A vapour, or spray, of con- 
siderable density, resembling a cloud, continually ascends, in 
which a rainbow is always seen, when the sun shines and the 
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jwsition of the spectator is favourable. In the winter this 
spray attaches itself to the trees, W'here it is congealed in such 
quantities as to divest them of their branches, and produces a 
most beautiful crystalline apj)earance, — a circumstance which 
attends the falls of Chenescco, as well as those of Niagara. A 
singular appearance is observed at these falls, wdiich has never 
been noticed by any writer. Immediately below the great pitch, 
a commixture of foam and water is jiuffed up in spherical figures, 
about the size of a common haycock. 'J'liey burst at the top, 
and discharge a column of spray to a prodigious height ; they 
then subside, and are succeeded by others which exhibit the 
same appearance. These spherical forms are most conspicuous 
about midway between the west side of the strait and the 
island which divides the falls, and where the largest column of 
water descends. This ap{)earance is produced by the ascension 
of the air, which is carried down by the column of falling water 
in great quantities to the bed of the river. The river, at the 
fails, is about 743 yards wide ; and tlie perpendicular pitch is 
150 feet in height. In the last half-mile, immediately above 
the falls, the descent of the water is 58 feet ; hut the difficulty 
which would attend the process prevented me from attempting 
to level the rapids in the chasm below, though, from conjec- 
turo, I concluded that the waters must descend at least sixty- 
five feet. From these results it appears that the water falls 
about 273 feet in the distance of about seven miles and a 
half.” 


LAKES. 

Lakes have been divided into four classes, and under one of 
these all those with which w^e are acquainted may be conveni- 
ently arranged. 

The first class includes those which have no outlet, and do 
not receive any running water. Many of tliese are situated in 
elevated districts, and are generally so small that they might be, 
not inappropriately, called pools. It has been supposed that 
they are the craters of extinct volcanoes, and are supplied by 
springs ; a supposition not at all improbable. They all increase 
and decrease with changes in the atmosphere. 

The second class comprises those which receive water, bat 
have no outlets. The Caspian and Lake Aral belong to this 
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division. The Caspian is about OOO miles long, and its extreme 
breadth 300, though its average breadth is not more than 100 
miles. This most remarkable lake receives the waters of the 
Volga, a river which has a course of about 2000 miles, flowing 
througli European and a part of Asiatic Russia, and brings 
down more than 518,000,000 of cubic feet every hour. The 
Ural, the Yaik, the Kur, and many other streams of consider- 
able magnitude, are also received by the Casjnan ; but its level 
is not changed, though it has no perceptible outlet by which to 
discharge tlie water it receives. Lake Aral })resents the same 
phenomena, and, though not to be compared in superficial ex- 
tent to the Caspian, receives two large rivers, the Oxus and 
the Jaxartes. The difficulty in explaining the nature of tliese 
lakes is to account for the constancy of their level, which might 
be expected to rise considerably, as they are daily receiving so 
large a body of water. It has been siip])osed that tliey are 
connected by some internal channel with the sea, and the 
opinion has l>cen supj)orted hy the fact, that the water of both 
the Caspian and Lake Aral is salt, and contains marine produc- 
tions ; but it is stated by a modern writer, that the Caspian is 
at the present moment not leas than 300 feet below the level of 
the Black Sea. It is almost certain that the phenomenon 
referred to be accounted for by eva))oration, though it may 
be aided hy the process of filtration. Mr. Bell has mentioned 
several interesting facts, to show how great an effect may be 
produced by cvaj)oration under favourable circumstances. In 
the valley of the Missouri, he says, “ a climate as cold as that 
of the Caspian, the evaporation is so great, that a table-spoonful 
of water placed on the deck of a vessel was evaporated in a very 
short space of time, and the inkstand was daily replenished 
during a voyage of 1000 miles downw’ards, from Fort Maudan 
in 47° north latitude. The evaporation on the river w’as so 
great, that though more than twenty rivers of large volume fell 
into the Missouri in that space, it w^as not sensibly enlarged.’* 
When acquainted with such facts, there can be no difficulty in 
believing that the evaporation from the surface of the Caspian 
may be the cause why it preserves its level, notwithstanding 
the large volume of water brought into it by the Volga and 
other rivers. 

The third class comprehends all those lakes wffiich receive no 
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streams, but give birth to some. Many of these Jakes occupy 
very elevated situations, and are the sources of some of tlie 
largest rivers. They are, no doubt, supplied by springs, the 
water of which rises in their reservoirs until its level is suffi- 
ciently high to admit a discharge. The lake on Monte Rotondo, 
in Corsica, is one of this class, and is situated 9000 feet above 
the level of the sea. 

The fourth class includes all those lakes which both receive 
and discharge water, and these are more numerous than any 
other's. Some receive tire waters of many rivers, but they have 
commonly but one outlet. It is not difficult to explain the 
origin of these lakes. Should a hollow present itself in the 
course of any river, it is quite evident that it must be filled to 
the level of some part of its banks before the river can ])roceed, 
and this would produce a lake. But it may happen that there 
is a general declivity from various parts ol’ a district towards 
some central valley, and tlien the waters of a number of rivers 
may bo brought into it, while at the same time the continuation 
of the valley gives but one course by which the waters can be 
discharged. Tliese lakes may be supplied by springs as well 
as by rivers. Lake Baikal, in Asiatic Russia, is a large lake of 
tliis class ; but the largest arc those of North America, which 
lie between Canada and the United States. 

These lakes, or inland seas, as some of them might be more 
appropriately called, constitute so important a feature in physi- 
cal geography, that we cannot pass from tlie consideration of tlie 
subject without a more specific reference to a few examples, 
and among them to some of those which are found in the 
northern counties of Great Britain, which, though not large, 
are well worthy attention. 

Lake Baikal, in Asiatic Russia, and in the government of 
Irkoutsk, is about 1244 miles in circumference. It receives 
the waters of the Bargousin, the Gelenga, the Upper Angara, 
and the Tunka, all of them rivers of some importance. It has 
only one outlet, called the Lower Angara. This lake is sup- 
posed by many jiersons to have been produced by a volcanic 
cause, and the supposition is not altogether unsupported by ar- 
guments. The mountains around bear marks of a sudden and 
violent eruption ; the surrounding districts are decidedly vol- 
canic ; earthquakes have been felt in the noij^hbourhood ; and 
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vessels on its suiface have sometimes been injured by severe 
shocks when the sea has been perfectly calm. The navigation 
of this vast body of water is tedious, if not dangerous. It is 
sometimes frozen over ; and Cochrane states, that he has passed 
over it on a sledge, in a place where it is forty miles broad, in 
two hours and a half, though vessels are frequently thirty days 
in crossing. 

The lakes of North America are very numerous ; but the most 
important are the Ontario, Erie, Huron, and Superior. Lake 
Superior is the largest body of fresh water in the world, and is 
about 400 miles in length, and 100 in its greatest breadth. In 
this lake there are five large islands, one of which. Isle Roy ale, 
is said to be at least 100 miles in length. More than forty rivers 
discharge themselves into it ; hut the Strait of St. Mary, con- 
necting it with Lake Huron, is its only outlet, — and this is not 
navigable, on account of the fiills. 

Lake Huron is about 250 miles in length, and contains several 
large islands. An extensive plain separates it from Lake 
Michigan, which is cut off from Lake Superior by a narrow 
tongue of land. Lake St. Clare is about 90 miles in circum- 
ference, and, although unworthy comparison with those large 
bodies of water already described, it has an iinpt)rtance from its 
connexion with Lake Erie, which is about 000 miles in circum- 
ference. Lake Ontario is the last of the chain, and is about 
170 miles long and 00 broad. 

There are other countries where the lakes are as numerous 
as in North America, but there is no country in which they 
present so lai^e a surface of water. Switzerland abounds in 
lakes, but in magnitude they cannot be compared with those of 
America. Geneva is the largest of these ; it is fifty miles in 
length, and twelve in its greatest breadth. It is chiefly re- 
markable for the romantic scenery by which it is suiTounded ; 
and in this respect is superior to all others, as also in the depth 
of its dark*hluc waters. 

The principal English lakes are situated in Cumberland and 
Westmoreland, and of these the most importfint are Ullswater, 
Derwentwater, and Windermere. Ullswater is about nine 
miles in length, and two in its greatest breadth. It may be 
described as a long narrow body of water, situated in a scenery 
remarkable for its beauty and grandeur. Hclvellyn and the 
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Stone Cross Pike, the two highest mountains in the district, 
come fully into view as the traveller passes down the lake. 
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Derwentwatcr is not infe rior in grandeur, though its character 
is exceedingly different from that of Ullswater ; and the moun- 
tains by which it is surrounded are more broken and rugged. 
Around this spot there is a charm w hich is irresistible, for here 
Nature has yielded to an enchanter s rod, and is decked in her 
most fantastic forms. But Windermere is the largest of the 
English lakes, though it is not more than ten miles and a half 
long, and two miles broad. It is surrounded with beautifully 
wooded hills, and to the north a fine range of mountains forms 
the back-ground. 

But none of the English lakes can be in any w’ay compared 
with the Scotch, and particularly with the romantic Loch 
Lomond. The solemn stillness of tlie dark waters, and the 
proud aspiring summit of Ben Lomond and its elevated com- 
peers, produce reflections in the mind of an observer not to be 
easily forgotten. Who that has read Wordswortffs exquisite 
lines To a Highland Girl,” does not desire to read them on 
the spot where they were wnritten ? And who that has done so, 
does not desire a repetition of the delight ? 

The water of some lakes is exceedingly pure and transparent ; 
that of others is salt, brackish, or sweet ; and there are some 
which emit noxious exhalations, destmetive or injurious to 
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animal life. Many lakes are no doubt attributable to volcanic 
agency, and have been produced in the manner already described 
in speaking of the Dead Sea. In these places there may now 
be no violent external evidence of the activity of the same force, 
but still it may be in existence ; and the evolution of noxious 
vapours will be one proof of the fact. It is well known that in 
the neighbourhood of Vesuvius, and in other volcanic districts, 
there are fissures from which carbonic acid is given off in largo 
quantities, destroying animal and considerably affecting vege- 
table life. The celebrated Grotto del Cano, at Naples, is an ex- 
cellent example ; and there arc many caves in the south of 
France, an extinct volcanic district, particularly those of Mont- 
joly, where similar phenomena have been observed. It is not 
therefore singular that springs and Jakes produced by the same 
cause should emit the same vapour, for there must he as intimate 
a connexion with the cauhc in one instance as in the other. 
Bishoff and Noggerath state, that there is a pit near Lake Laaech, 
where there is a permanent evolution of carbonic acid gas, and 
they found the remains of many animals that had been killed by 
it. On descending into the pit and holding their heads over 
the stream, they experienced the sensation that is known to 
attend the breathing of this deleterious gas. At Boudelreis, on 
the bank of the river Kyll, there is a spring that gives off so 
large a quantity of carbonic acid, as to ai)pear by the number of 
bubbles on its surface as though it were boiling, and persons 
who attempt to drink from its basin arc quickly driven away by 
the mephitic odour of the water. 

Some lakes are periodical, and increase or decrease in depth 
at particular seasons of the year. In some parts of South 
America there are large cavities, which immediately after 
the rainy season are filled wdth water, and become lakes, but by 
the process of evaporation, and by filtration, the 'water is rapidly 
carried off. There are others w’hich lise and fall in a manner 
unaccounted for by the causes which so easily explain the dry - 
ing up of the lakes of South America. It has been supposed 
that there is a connexion between these periodical lakes and 
a subterranean re8er>^oir, the increase or decrease of which pro- 
duces a similar effect upon the lake itself. It is still more 
difficult to explain those occasional disturbances to which inland 
lakes are sometimes subject. Loch Lomond is frequently 



agitated in a most violent manner during the calmest weather, 
and witliout any apparent cause. It may be well to remember 
that this lake has exhibited a similar agitation during the pre- 
sence of eartJiquakes in distant countries. The same cause may 
not explain the phenomenon in both instances, but there is 
reason to l)elieve that they are not altogether distinct. 1 1 may 
also be mentioned, that lakes frerjuently contain islands, which 
are so light as to float upon the surface of the water ; and these 
arc both numerous and of consideralde size. 


THE SEA. 

Although the sea has so large a proportion to the dry laud, 
— occupying seven-tenths of the surface of the earth, — yet its 
present quantity and conditions are ahsolutcly necessary toman, 
that he may fulfil the olqects of his terrestrial being. The 
earth without an ocean would he an arid and unfruitful desert, 
incapable of producing any vegetable substance, and conse- 
quently unfit for the residence of animals, lint a constant 
interchange is going on betw'cen the ocean, the atmosphere, 
and tile dry land, lly the action of solar heat upon the surface 
of ivater it is va})ori6e(l, and carried in an elastic form into the 
atmosphere. By a variety of causes, and especially by the 
agency of electricity, this aqueous vapour is condensed and 
returned to tlic earth, a part falling upon the sea itself and a 
part upon the dry land. Having performed its purpose in 
w’ateving the earth, and in giving fresh vigour tf> vegetable 
growth, it is, directly or indirectly, returned to the ocean, to 
pass again through the same series of changes. But the ocean 
serves another important end in the abstraction and decompo- 
sition of many of the noxious substances contained in the atmo- 
sphere ; and there is little doubt that it is the means of checking 
some of those princii)les of disease which are known to be wafted 
from clime to clime on the wdngs of the wind. It is also w^orthy 
of remark, that although the sea separates the inhabited por- 
tions of the earth’s surface, yet it offers a ready means of com- 
munication. Upon its bosom it carries the proudest trophy of 
human ingenuity ; a vessel, that contains within itself the 
source of power, and can plougli its way from shore to shore, 
in spite of the ordinary opposition of winds and tides. Thus 
it is that the intercourse of nations, and the interchange of 
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manufactured and natural productions are carried on, to the 
social and intellectual advantage of man. 

Oceans are collections of water in valleys, and their basins 
must present the same inequalities as are observed upon the 
surface of the land. Mountains, hills, and valleys are to be 
found in tlie bed of the ocean as well as on dry land, and the 
causes which effected changes in the ivlative positions of the 
one had a similar influence upon the other. The depth of the 
sea, therefore, must vary considerably in different places. But 
there is much difficulty in ascertaining the depth at any place ; 
for not only arc substances moved more readily in vvatcr than 
in tlie atmos})here, on account of their loss of weight in that 
medium, but they are also subject to rapid transportation by 
currents. On these accounts, there are many situations in 
which the heaviest sounding lead can be of little or no value. 
Lord Mulgrave sounded in the Northern Ocean, in a place 
where he gave out 470f) feet of line, without finding a bottom ; 
and Mr. Scoresby could find no bottom in one part of the 
Greenland Sea at thcdeptli of 7200 feet. According to the cal- 
culations of La Place, in his Mechanique Celeste,” founded 
upon the oscillations of the ocean, the mean dej)lh of the water 
is a fmetion of the difference produced in the diameter of the 
earth by the flattening of the poles, and it has been estimated 
at between two and three miles. 

LEVEL OF THE SEA- 

From the universal law by which water is known to be 
governed, it might be deduced that the surfaces of all connected 
bodies of water must be on the same level ; and this would 
he the case, if there were no deranging causes : the surface of 
the ocean would give the precise form of the earth. The great 
law of gravitation lias its action in this as w<dl as in all other 
instances, and water, wherever situated, not only seeks the 
lowest places it can reach, hut also attempts to maintain the 
same level. But it is impossible that there can be a universal 
level at any moment so long as the disturbing causes, intimately 
connected with the present physical condition of the earth, 
exist. The influence of the moon, producing tides, is one of 
these causes, and occasions a considerable difference in the 
height of the water in near as well as distant parts of the same 
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ocean or sea. The level is also liable to alteration from the 
local influence of winds ; and it has been ascertained that in all 
gulfs and inland seas tlie water is always higher than on the 
ocean. This is especially the case with those which are open 
only to the east, for they are more exposed to the great pe- 
riodical oscillation of the ocean from east to west. By this 
movement the water is carried into these inlets, and the more 
confined their openings the higher will be the level. M. de 
Humboldt made some experiments on the Isthmus of Panama, 
from which he deduces that the level of the Gulf of Mexico is 
from twenty to twcnty-tliree feet higher than that of the Pacific, 
The influence of the tides is well known, and is observed more 
or less upon all bodies of water connected with the ocean. 
Winds also have an efl’ect in destroying the level, not only by 
the formation of waves, but also by driving in one direction a 
body of water in greater volume than usual. Upon sea-coasts 
this effect is frequently produced ; and navigators are aware 
that, in conse(|uence of the easterly trade-winds urging the 
waters of the ocean towards the African coast, the level of the 
Red Sea is always about twenty feet abo\'e the level of tlie ocean. 
These are the causes which produce an elevation of the level 
in some places ; and there is one agent, evaporation, which 
sometimes lowers it. The Mediterranean Sea, for instance, is 
a littie below the general level, for the wateiis it receives from 
the numerous rivers whose basin it is, arc not sufficient to com- 
pensate for the loss by evaporation, and a constant supply is 
consequent! V furnished through the Straits of Gibraltar. 

But although these disturbing causes are in action, there is 
a general ocean level, and as the vaiiations are so entirely under 
the control of laws which are perfectly understood, no change 
can be effected that is not capable of explanation, and usually 
of prediction. The necessit}' of these controlling principles is 
evident; for so powerful is the influence of a large body of water 
in motion upon the district over which it moves, that if it w'cre 
governed by laws less ca})ahle of restraining its limits, such 
scenes of destruction would be constantly presented as would 
give an insecurity to all the provisions necessary for the sus- 
tenance of animal life. It would not be difficult to select 
instances in wliich the deranging causes now active have pro- 
duced most alarming effects. The loss of life and destruction 
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of property in St. Petersburg, in the year 1823, will be in the 
remembrance of many of our readers, and tliis was produced 
by a flood, that was occasioned by a no more violent cause than 
a strong westerly wdnd impeding and partially preventing the 
flow of the watei*s of the Neva, 

It was, during the last century, much disputed whether the 
sea maintained its level ; for many geographers were of opinion 
that it wiis constantly falling; the Baltic, in particular. The 
question is to the present day undecided, although experiments 
have been made to determine it. Of thests there are many 
that favour the supposition of a decreasing level, but they are 
opposed by others which lead to an opposite conclusion. In 
the year 1820 Mr. Bruncrona collected the results of th(‘ 
experiments made during half a century on the western coast 
of the Baltic, and from these it may be deduced that the level 
of tlie water is there constantly falling ; a conclusion which is 
supported by the opinion of the Baltic pilots, who state that 
the sea is shallower than it was, and that tlie straits which 
separate the islets along the coast of Sweden could once he 
passed by vessels drawing ten feet of water, though tliey are 
not now practicable for boats that draw more than tlirec feet. 
Mr. Hallbtrom states, that tlie same effect is going on in the 
Gulf of Botlinia, with this difference, that in the Baltic the 
lowering decreases from the north, and disa})pears at the 
southern extremity ; but in the Gulf of Bothnia it is nearl}’' 
uniform throughout. These results lead to the conclusion, 
that the level of the Baltic is falling, unless we accept the 
opinion of those who state that the ciiiTents from the north to 
the south of the Baltic, produced by the streams which flow 
into it, drive the w’aters to the southern shore, where the level 
is rising, though it is falling on the northern. But, whatever 
opinions may be formed from a consideration of these facts, we 
have at present no means of determining whether the general 
level of the ocean is constant. 

THE COLOUR OF THE OCEAN. 

The colour of the ocean is not fixed, but is influenced by the 
direction of the light, the chemical composition of the water, 
and the nature of the rocks over which it flows. The sea 
commonly appears to have a deep blue tinge, but as the deptlx 
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decreases it becomes clearer and has a lighter shade. When a 
small quantity of sea- water is examined, it has no colour ; and 
this is also true of a small quantity of atmosjdieric air ; both of 
these media are, in minute volumes, incapable of intercepting 
so large a quantity of any ray as to give colour to the volume. 
Yet they differ in their powxrs of interception : air reflects the 
most refrangible rays, the violet, indigo, and blue, which pro- 
duce the azure hue known to distinguish it; but water, on 
account of its density as well as its depth, reflects some of 
the less refrangible rays, and hence its greenish -blue colour. 
Under peculiar circumstances the sea exhibits other shades, 
but these are to be attributed to local rather than general 
causes, — the character of the bed over which the water flo>vs, 
and sometimes the animalcula, insects, or j)lants, which float 
immediately beneath its surface. In the Gulf of Guinea the 
sea is white ; around tlie Maldives it is black ; in the upper 
part of the Mediterranean it has a purple tint; and the West 
Indies arc washed by an ocean so lrans])arent, that the bottom 
of the sea lies open to examination. There are also in all 
places changes of colour, produced by the shadows thrown 
upon the sea by the interception of the clouds, and these shades 
are so evanescent and varied when the sky is thickly covered 
witli broken clouds, that wc may almost fancy the (‘ye to be 
deceived. 


I'HOSPHORKRCENCE OF THE SEA. 

The sea has sometimes a luminous appearance, a phenomenon 
that lias been observed by all sailors, who consider it tlie fore- 
runner of windy weather. 1 1 is said to occur most frequently in 
the summer and autumn months, and varies so much in its cha- 
racters as to induce a doubt whether it can be always attributed 
to the same cause. Sometimes the luminous appearance is seen 
over the whole surface of the water, and the vessel seems as though 
floating upon an ocean of light ; at other times the phospho- 
rescence is only seen immediately around the ship. A portion of 
water taken from the sea docs not necessarily retain its luminous 
appearance, but its brilliance will generally continue as long as 
the water is kept in a state of agitation. Some naturalists 
imagine the phosphorescence of the sea to arise from the dilfu- 
sion of an immense number of animalcula through the medium, 
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and others attribute it to electricity. Dr. Buchanan has given 
an account of a very remarkable appearance of the sea, observed 
by him during a voyage from Johanna to Bombay. About eight 
o’clock in the evening of the 3 1st of July, 17B5, the sea had a 
mi]k-\\'hite colour, and upon it were floating a multitude of 
luminous bodies greatly resembling that combination of stars 
known as the milky way, the brightest of them representing 
the lai’ger stars of a constellation. The whiteness, he says, 
was such as to prevent those on board from seeing either the 
break or swell of the sea, although from the motion of the 
ship and the noise, they knew them to be violent, and the light 
was sufficiently intense to illuminate the ropes and rigging. 
This singular phenomenon continued until daylight appeared. 
Several buckets of water were drawn, and in them were found 
a great number of luminous bodies from a (|uartcr of an inch 
to an inch and a half in length, and these were seen to move 
about as worms in the water. There might bt‘, says Dr. 
Buchanan, four hundred of these animals in a gallon of water. 
A similar appearance had been observed before in the same sea 
by several of tlie officers, and the gunner had seen it off Java 
Head, in a voyage to China. 

TEMPERATURE OF THE SEA. 

The ocean has not always the same tempcratui'e in the same 
latitude. Within the troj)ics there is little or no difference 
between the temperature of the sea in the two hemispheres, but 
nearer the poles the temperature is less, for any degree of lati- 
tude, in the northern than the southern. In eighty degrees 
north latitude ice generally melts in the month of May, though 
it remains all tlie year round in sixty degrees south latitude. 
Ice also extends nearly eight degrees farther from the south 
pole than it does from the north, for icebergs have been found 
as low as forty eight degrees south latitude. This greater 
decrease of temjmrature in the southern hemisphere has been 
attributed to the almost entire absence of land in the antarctic 
circle, whereas the arctic sea is almost surrounded by laud. 
Peron invented an instrument which he called a thcmio-baro- 
meter, for the measurement of the temperature of the ocean, 
and from a great number of ex 2 >eriment 8 deduced a series of 
singular results ; but some of these have been controverted by 
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Humboldt. Peron states, that in the neighbourhood of islands 
or continents the temperature of the water is always higher 
than in the open sea, and that near a shore the cold increases 
with the depth. Put Humboldt objects to this statement as a 
general law, for although the temperature of the tropical seas, 
and the Mediterranean, and Baffin's Bay, does diminish with 
the depth, yet in the Greenland seas and in the Arctic Ocean 
the temperature increases with the depth. The experiments 
made in the South seas, during Kriisen stern's voyage of dis- 
covery, tend to establish the law that the cold increases with 
the depth. Saussurc estimates the mean temperature of the 
sea at .53®, but it appears to range between and 38® of 
Fahrenheit’s thermometer. 

AMARINE ICE, 

It was once disputed by geograj)hers whether the waters 
of the ocean could be frozen; but the voyagcjs whicli have 
lieen undei-takeii in polar regions have entirely removed 
the doubt. Bays and inland seas, situated in sixty degrees 
north latitude, are entirely frozen over during the winter sea- 
son, and in seventy degrees the sea is covered witJi fields of ice. 
I'he more enclosed the water, and the greater the projections 
of land, the more readily will ice be formed ; and it is on this 
account that the Baltic, the Gulf of Bothnia, and other inland 
seas arc frequently frozen, when the ocean in tlic siime latitude 
is altogether unencumbered. In about the eightieth degree of 
north latitude the ice becomes fixed, and during the winter 
months presents an immoveable mass, having a porous and 
diaphanous structure. When the spring returns, it begins to 
melt, the mass is broken, and an uncertain passage is opened 
to the adventurous mariner. But the summer soon passes, and 
the vast surface is again covered with a thick crust of ice, over 
which tlie [)olar bear wanders in search of that sustenance 
wliich seems to he denied all other creatures in this inhospit- 
able region. 


ICEBERGS. 

An iceberg is an island of ice, sometimes immovoably fixed 
upon some projecting mass in the sea, but more commonly 
fioatiug from place to place, according to the action of the 
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winds and currents. Icebergs are usually very perpendicular 
on one side, and on the opposite have a more gradual sloping 
direction. Their heiglit is variable, and some of them have an 
elevation of two hundred feet above the level of the ocean. 
The colour of these vast masses of ice depends in part upon 
the direction of the incidental luminous rays, and in part upon 
the constitution of tlie bergs themselves; they not unfre- 
quently appear as though formed of emerald or sapphire, and 
the colours produced by the refraction are frequently so beau- 
tiful that they seem as though they were built of light, and 
mimicked the representations of oriental fable. It has been 
supposed that the iceberg is formed by the piling together of 
the fragments produced by the breaking up of the large fields 
of ice, but it is more commonly allowed that they are masses 
broken off from the enormous glaciers abounding on the coasts 
of Greenland and Spitzbergon. Some, Jiowcver, appear to be 
produced by the consolidation of driven snow, and contain trees 
which occasionally take ffre, in consequence of the great friction 
to which they arc exposed, presenting tlie singular appearance 
of a burning mountain of ice. The bergs are sometimes enve- 
loped in a thick fog, and if a ship should come into contact 
with them, almost certain destruction must result from the 
collision. Very many of the vessels employed in tlie fisheries 
are every year lost, we arc informed, by accidents of tins kind. 

Mr. Scoresby has given, in liis Arctic Regions,” a very 
interesting sketch of the Seven Icebergs of Spitzbergen, (plate 
12,) from which w e may select the most im})ortant facts. I 
speak not here,” he says, of the islands of ice which are home 
to southern climates on the bosom of the ocean, but of those 
prodigious lodgments of ice which occur in the valleys adjoin- 
ing the coast of Spitzbergen and other polar countries, from 
which the floating icebergs seem to be derived. Where a chain 
of hills lies parallel to the b‘ne of the coast, and wdthin a few 
miles distant of the sea-beach, having lateral ridges jutting 
towards the sea, at intervals of a league or tw^o, we have a most 
favourable situation for the formation of icebergs. Such is pre- 
cisely the nature of the situation a little to the northw'ard of 
Charles* Island, where the conspicuous bodies of ice noticed by 
Martens, Phipps, and others, and known by the name of the 
Seven Icebergs, occur. Each of these occupies a deep valley, 
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open towards the sea, formed by hills about two thousand feet 
elevation on the sides, and terminated in the int(n*ior ])y a chain 
of mountains of perhaps three thousand to three thousand five 
hundred feet in lieight, which follows the line of coast. They 
are exactly of the nature and ap})carance of glaciers; they com- 
mence at the margin of the sea, where they fre({uently consti- 
tute a consLdcra])](‘ ]>recij)ice, and extend along the valley, 
which commonly rises with a gentle slope, until tlu*y are either 
terminated by the brov, of the mountain in the back-ground, 
or intcrrii])ted by a })rccipitous summit, besides these ice- 
bergs, there are some e(juully large near the north-west angle 
of Spitzbergen, in King's Bay, and in Cross Bay, and some of 
much greater magnitude near l^oint Look-out, besides many 
others of various sizes in the large sounds on the v:estern side, 
and along the northern and eastern shores of this remarkable 
country.” 

The Seven Icebergs, according to Mr. Scoresby, arc ('ach on 
an averag(' about a mile in length, and two hundred feet in 
lieight above the level of the ocean ; and there is one to the 
northward of Horn Sound elevtai miles in length, and four hun- 
dred and two feet high. These vast masses of ice are during 
stormy weather attacked by the waves, which gradually pre- 
cipitate large fragments into the sea. The ice is every wliere 
traversed by deep fissures, from a few inches to sc'veral feet 
wide, and so deep that in looking into them tlie traveller finds 
that the rays of liglit have never penetrated to the bottom . 
These rents are supposc'd by Mr, Scoresby to have been jiro- 
duced by the passage of streams of water over the surface of 
the ice; but Dr, Latta imagines them to have been produced by 
expansion during the jirocess of freezing. Suppose the iceberg, 
says this gentlenuiii, to be hut a few feet thick, the heat of 
summer will render it s])ongy and porous, and its surface will 
be hollowed in channels by the little streams that How over it. 
'When winter returns, and these streams of water are congealed, 
the walls of the cavities will be in some degree forced asunder, 
and a partial rent be formed. Into these rents water will again 
flow, and, being solidified as in the previous instance, the rent 
must be incrcawid in length, width, and depth, whilst the dam- 
ming up and freezing of the little streams below assist the 
action by elevating the mass from its bed. This process, says 
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Dr. Latta, annually repeated, might induce the apjiearance 
now presented by the icebergs, and being wedged in between 
mountains, they cannot extend laterally, and necessarily be- 
come arched or convex, impelled as it were by a central force 
in the expansion of water. 

Nothing can he more beautiful than the appearance of these 
wonderful masses of ice ; and the contrast between their glit- 
tering surfaces and the dark monotonous gloom of the rocks 
and snow-clad peaks by which they are surrounded, presents 
the beholder with scenes of interest even within the coniines of 
the polar circle, where nature almost loses the spark of vitality, 
and struggles incessantly to free itself from the iron band of 
otcriial frost. 


WATEIl-SPOUTS. 

Among the most interesting phenomena observed at sea, we 
may mention the formation of w’ater-spouts (plate 13). This 
curious and perplexing phenomenon is not to the present mo- 
ment thoroughly understood ; for it is still a matter of dispute 
among meteorologists whether it is due to the agency of elec- 
tricity or to the mechanical action of whirlwinds. It is quite 
certain that water- spouts are commonly attended with electrical 
phenomena, but it cannot be determined, from the data in the 
hands of the philosopher, whether electricity is an effect or a 
cause ; but there can be no doubt that tlie spiral motion of the 
water does result from a gyratory motion of the air, which is 
probably the proximate agent. 

Mr. Steward, speaking of the water- spouts seen by him in 
the Mediterranean, in the year 1701, says that they all consisted 
of a transparent tube. “ It was observable of all of them, but 
chiefly of the largo pillar, that towards the end it began to 
appear like a hollow canal, only black in the borders, but white 
in the middle ; and though at first it was altogether black and 
opaque, yet one could very distinctly perceive the sea-w^ater to 
fly up along the middle of this canal as smoke does up a 
chimney, and that with great swiftness and a very perceptible 
motion ; and then soon after the spout or canal burst in the 
middle, and disappeared little by little, the boiling up and the 
pillar-like form of the sea-water continuing always the last, 
even for some time after the spout disappeared, and perhaps till 
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the spout appeared again or re-formed itself, which it com- 
monly did in the Siinie place as before, breaking and forming 
itself again several times in a quarter or half an hour/’ 

Dr. Jiuchanan observed this phenomenon once or twice 
during a voyage to and from India. When his attention was 
first called to it, he observed a dark thick cloud which threw 
out a long curved spout, w’hile at the same time a thick fog 
rose out of the sea. After an interval of about two minutes, 
the s})Oiit rushed down, and joined the cloud which had risen 
from the sea. The cloud from which the spout descended 
then moved, says Mr. Maxwell, slowly along, and by the 
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motion the curvature was probably produced. The fog pro- 
ceeding from the sea was of the same colour as the spout, and 
resemhled the smoke of a steam-engine. The surface of the 
water under the spout was during the whole time in a state of 
violent agitation, and a noise was heard like that of a waterfall. 
The spout soon withdrew itself again into the cloud from which 
it had descended, and the fog receded into the sea. The whole 
exhibition did not last more than three minutes. The same 
author had opportunities at other times of observing similar 
appearances, and in all cases they presented nearly the same 
phenomena, and he has represented in the following diagram 
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the different states in which they occur. At their first forma- 
tion, he says, they appear of a conical tubular form, dropping 
from a black cloud before the disturbance of the sea is observed. 
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'fho black conical cloud then descends, and the smoke-like 
a])j>carance from the sea ascends, until they join. When the 
spout begins to disperse, the black cloud draws itself up, and a 
thin transparent tube is left still united to the cloud that rose 
from the sea. This, however, is at List broken, and the phe- 
nomenon disappears. 

The Honourable Captain Napier has made some remarks, in 
the Philosophical Jounial, upon an appearance of the same kind 
w'hich he observed, and upon its probable cause. “ On the (Jth 
of September, 1814, in latitude 80® 47' north, and longitude, 
by chronometer, 62® 40' west, at half-past one p.m., the wind 
being variable between W N W and N N E, the ship steering 
S E, an extraordinary sort of whirlwind was observed to form 
about three cables' length from the starboard bow of H.M. 
ship ‘ Erne.' It carried the water up along with it in a 
cylindrical form, in diameter to appearance like a water-butt, 
gradually rising in height, increasing in bulk, advancing in a 
southerly direction, and when at the distance of a mile from 
the ship it continued stationary for several minutes, boiling and 
foaming at the base, discharging an immense column of water, 
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with a rustling or hissing noise, into the overhanging clouds, 
turning itself with a quick spiral motion, constantly bending 
and straightening according as it was atFected hy the variable 
winds, which now prevailed alternately from all points of the 
compass. It next returned to the northward, in direct oppo- 
sition to the then ]wcvailing wind, and right upon the ship's 
starboard beam, whose course was altered to east, in hoj)e8 of 
letting it pass astern. Its ap]>roach, liowever, was so rapid that 
we were obliged to report to the usual expedient of a broadside, 
for the purpose of averting any danger that might be appre- 
hended, wlien after bring several shots, and one in particular 
having passed right through it at the distance of one-third from 
its base, it appeared for a minute as if cut hori>iontally in two 
parts, the divisions waving to and fro in different directions, as 
agitated hy opposite winds, till they again joined for a time, 
and at last dissipated in an immense dark cloud and shower of 
rain. At the time of its being separated by the cflPect of the 
shot, or more probably by the agitation occasioned in the air 
by the discharge of several guns, its base was considerably 
within half a mile of the ship, covering a portion of the sur- 
face of the water at least lialf a furlong, or even three hundred 
feet in diameter, from one extreme circji;pfercnce of ebullition 
to the otiier ; and the neck of the cl6ud into which it dis- 
charged itself appeared to have an altitude of forty degi*ecs of 
the quadrant, wdiile the cloud itself extended overhead and all 
round to a very cc^nsiderable distance. Allowing, then, from 
the ship abase of a little more than one- third of a nautical mile, 
say 2050 feet, and an angle of to the top of the nock, we 
shall then have for the per])cndicular height of the spout about 
1720 feet, or very nearly one-third of a statute mile. A little 
before it burst, two other ^vater-spouts of an inferior size were 
observed to the southward ; but their continuauce was of short 
duration." 

If Captain Napier's calculation of the height of this water- 
spout be even an approximation to the truth, it entirely de- 
stroys that theory which attributes the plieuomenon to the 
formation of a vacuum. Liquids will rise in exliausted tubes to 
the height at wliich they exactly balance a column of atmo- 
spheric air having the same base, and water, obeying this law, 
will rise to the height of about tliirty-two feet, as it does in 
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pumps. Now if this force acts at all in the formation of water- 
spouts, it must be aided by some other agent ; but what that is 
cannot be determined in the present state of our knowledge 
upon the subject ; it may be a result of an electrical attraction 
dependent on the different electric conditions of the cloud and 
the ascending fluid, or may be produced by the rotatory motion 
of the air. 


MOTION OP THE SEA. 

The sea is subject to a motion of three different kinds : it is 
agitated by the action of the wind producing waves ; ])y tides, 
which result from the attractive influence of the moon ; and by 
currents, produced under various circumstances and resulting 
from a variety of causes. To all these we must briefly refer. 


WAVES. 

Waves necessarily result from the laws wdiich govern fluids. 
Whenever the level of a liquid is disturbed, there w'ill always 
be an effort to restore the equilibrium, and a mass of fluid will 
flow into the place which has been vacated. The wdnd acting 
upon the surface of the sea, piles up, if w^e may so speak, 
ridges of water, leaving small, narrow indentations, into which 
the water on all sides attempts to enter. This disturbance, 
therefore, is communicated, and extends over a large or small 
space, according to the force of the disturbing caus(‘, and billow' 
rolls after billow', increasing the uproar of the wild w'aters. 
This also accounts for the fact that when the w aves have been 
some time in motion, they do not immediately sink to rest 
when the W'ind ceases, but the level is restored by degrees, the 
waves decreasing in height and becoming shorter, until they 
are reduced to a mere ripple. 

It is well known to mariners that there is a great difference 
in the appearance and effects of w'aves in different seas. It has 
been frequently stated that the waves of the British seas are 
quick and violent, much more dreaded by sailors than the slow, 
spading, heavy waves of the Bay of Biscay. The imagina- 
tion can scarcely fancy a vast mass of water rolling up the Bell 
Rock lighthouse to the height of one hundred feet; yet this has 
been frequently known ; and Mr. Macdonald, who was there 
during the gales of October 1824, states that the waves rose in 
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an unbroken state to the height of sixty-four feet, and some to 
the height of ninety feet, and being separated they darted to the 
leeward of the house, leaving it at one end of an avenue of 
water. 


TIDES 

The most constant and important motion of the sea is 
that which periodically results from the attractive force of 
the sun aud moon. The tides, as these oscillatory move- 
ments are called, have long been supposed to have some con- 
nexion with the position of the moon, for Pythias, Pliny, 
Ptoh'my, and other ancient astronomers, confess their belief in 
this doctrine, fralileo, Descartes, Kepler, and others, also refer 
ot the same cause, though their notions were exceedingly inde- 
finite. “■ The orb of the attracting })Ower possessed by the 
moon,” says the illustrious Kepler, is extended as far as the 
earth, and draws the water under the torrid zone, acting upon 
places where it is vertical, insensibly upon confined seas and 
bays, but sensibly on the ocean, whose beds are large, and where 
the waters have the liberty of reciprocation, that is, of rising 
and failing/’ But it was left for Newton, the greatest of all 
philosophers, to determine tlie nature of the lunar attraction, 
and the laws by which that force is governed. Great as the 
volume of water upon the surface of the earth is, it has a con- 
stant oscillation, c])bing and flowing alternately. In six hours 
it rises from its lowest to its highest level, and, after remaining 
stationary for a few minutes, descends in the same period of 
time to the level it had at low w^ater. The total period that 
intervenes between the times wdien the sea at any place has the 
same level is twelve houi-s and fifty minutes ; but the time of 
high water is fifty minutes later every day than it was the day 
previous ; which answers to the motion of the moon rising later 
on every day than on the preceding, and performing her revo- 
lution in about thirty days. The cause stated generally, is the 
diminution of the gravity of the water. 

Let ah c dhe the earth, and e the moon. That part of the 
earth nearest to the body of the moon must necessarily bo most 
influenced by its attractive force, for the power of gravity 
increases as the square of the distance decreases. The waters 
at dy that is the side of the earth near the moon, will therefore 
be more attracted than the central parts, a c, and these more 
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than the opposite side, h. It must also he taken into eonsi- 
V deration that the force of attrac- 
\ tion acts in right lines, and when 

// I i it ojjerates upon the edges of a 

tL U-^ hody, as at « and e, it must 

\\ Jj j depress rather than raise the 

' / fluid, for it draws it away as far 

/ as possil)le to tin* point nearest 
the attractive hody. But at the same time the water will rise 
on the side of the earth distant from the moon, — the ocean, 
therefore, assumes a spheroidal form in both hemispheres, and 
there will be high tide at jdaces situated oj^posite to each other. 
But the moon is not the only hody that exerts an attractive 
force upon the ocean ; the sun is also active, and in fact all the 
planetary bodies, for every particle of matter has an influence 
upon every other particle. 'Idie sun being greatly superior in 
size to the moon, it might be sujjposed that it would have the 
greater etfect upon the waters of our f»lariet ; but as its distance 
is incomj)arably greater than that of the moon, it has a much 
less effect. But still it is necessary to take its influence into 
consideration ; and as the subject is one of tlio most interesting 
and important connected with the plicnomona observed upon 
the ocean, it will be necessary to examine it with some degree 
of particularity. 

It may not be very clear to a reader, why the waters sliould 
rise on that side of the earth most distant from the moon, 
though he nia\’' perfectly understand why tliey are elevated on 
the side near to her. If it be borne in mind, that the water is 
drawn towards the body by the dificrence of her attractive 
j»ow<*r at the suiface and the centre, the whole matter will 
appear evident. The ocean on that side the earth near to the 
moon is drawn towards it, because it is more attracted than the 
centre ; and the ocean on the opposite side rises up, because the 
centre is more attracted than it, and the water acts as though 
it receded from the earth’s centre, being less operated upon by 
the attractive force. 

Without entering with any minuteness into a consideration 
of all the important questions connected with the origin and 
inequalities of tides, there are two subjects worthy attention : 
the origin of high and low, neap and spring, tides. 

I'he moon crosses the meridian of any place on the earth’s 
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surface once in twenty-four hours fifty minutes, in consequence 
of the diurnal revolution of the earth. There must, therefore, 
be a high tide at every place once in twenty-four hours fifty 
minutes, that is to say when the moon crosses its meridian. 
But the time of high tide docs not coincide with the time when 
the moon is on the meridian of the place, and the cause of this 
is evident, for the water having received motion, continues to 
rise after the moon has passed from the meridian of the place ; 
and although the moon’s greatest power is afterwards exerted 
upon other s})ots, yet it continues to attract the waters at this 
place, though in a smaller degree. But we have iilready seen 
that a high tide also happens at that place most distant from 
the moon, and therefore there ai*e two high tides during one 
revolution ; and it hallows there must he two low tides, which 
happen when tlic place is removed ninety degrees from those 
relative aspects which produced high tide. 

In this explanation we have not considered the influence of 
the sun ; but althougli this body is at so much greater distance 
from the earth than the moon as to have a much less effect 
upon the ocean, it cannot he altogether unnoticed in a theoiy 
of the tides, for it acts in the same manner tliough in a less 
degree. There are times wlion the sun and moon act together 
upon the ocean, and it is then that the water has its greatest 
elevation, and there arc spring tides. When the moon acts in 
opposition to the sun, there tire neap tides. If tiie moon 
moved in the plane of the equator, the highest tides would 
always he under the equator, and in the polar seas there would 
he no tide. But as the moon moves in a path inclined several 
degrees to the plane of the equator, various j)arts of the earth's 
surface must come successively under its influence. At the 
time of new and full moon, the two luminaries co-operate in 
raising the waters of the ocean, and spring tides are produced ; 
when the moon is in her quadratures, the luminaries, more or 
less, oppose each other’s influence, and neap tides are the result. 
(In account of the counteracting forces x^roduced by the differ- 
ence in the motions of the two attracting bodies, there must 
necessarily be a great irregularity in the tides ; and to deter- 
mine the period and character of these, requires the application 
of a precise analytical rcasiming. But it may be mentioned, 
that to the existence of this opposition of forces we may trace 
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the origin of the circumstance that the highest tides are always 
within the tropics, and the lowest within the polar circles. 

There are other irregularities in the tides besides those we 
have already mentioned, and we may especially notice the dis- 
turbance and obstruction of the water resulting from the obsta- 
cles offered by banks and projecting masses of land. The tides 
in bays, gulfs, or harbours situated on the same shore, may bo 
different, though if there were no such disturbing causes, they 
w^ould be equal as to the circumstances of time and height. 
Local situation must, therefore, be considered in estimating the 
Jieight and time of high tide. The tide of the Oerman Ocean 
re((iiires some hours to make its way up the narrow channel of 
the Thames to London Bridge, On some of the islands of the 
South Sea, the tide does not ordinarily rise more than two feet ; 
at Annapolis, in the bay of Fundy, it has an elevation of 120 
feet ; and at St. Maloes, in Bretagne, and at Bristol, there is a 
difference of fifty feet between high and low water. ''Fheso 
facts will be sufficient to ])rove the influence of locality upon 
the tides ; and we might have mentioned the effect of wind, 
increasing or restraining the rise according to circumstances. 

CURRENTS. 

We must now advance to a consideration of the third kind of 
motion to which the sea is subject, — that produced by currents. 
These currents have been sometimt^s arranged in classes accord- 
ing to the ch'cumstances which regulate their motion, some 
being constant, some periodical, and others temporary ; but it 
will not be necessary that we should confine our remarks in 
this geneiid sketch to the classification here marked out. In 
relation to their cause, it is necessary to speak much less 
decidedly than on the origin of the tides, but several agents pro- 
bably assist in their production. The diff erence of temperature or 
saltness occasioning a difference of specific gi'avity — the action 
of the air in violent motion — the periodical melting of the polar 
ice, or unequal evaporation, may occasion a current, or two or 
more of these causes may act together to effect the same result. 
It is extremely difficult, in the present state of our knowledge, 
to assign to either of these causes the positive origin of a 
current ; the state of our information on this subject is rather 
negative than positive ; so that it is often possible to say what 
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is not a cause than to ascertain the cause itself. We shall, how- 
ever, only atten)pt to trace the direction of one of tlie most 
important, constant, and periodical currents affecting the ocean. 

The Florida, or Gulf-stream, is one of the most singular 
phenomena in hydrography : it is a perpetual current of water 
rising in the Gulf of Mexico, and flowing in a curved line into 
the Northern Atlantic. The direction of this current is, in a 
great measure, to be attributed to the obstacles thrown into the 
way of the various and universal movements to which the water 
is periodically su])ject. This will appear evident, by tracing 
the motion of the sea and the direction it takes. It is proved 
by the masses of ice and other substances floated from the polar 
regions towards the e(|iiator, that there is a general movement 
of the ocean in that direction ; and it wdll be remembered, that 
it was this cuiTent that caused the failure of Ca})tain Pai-ry's 
last attempt to ap]»roaeh the North Pole, the current driving 
his vessel more rapidly towards the south than he could advance 
to the north. It is <{uite possible that the action already 
described in reference to the atmosphere may be going on m all 
collections of w'ater ; and there may be an upper and an under 
current, a stream of cold w'ater rushing to tlie equator, and 
streams of heated water towards the poles. But the water of 
the arctic regions is urged to the tropics, not only by its lower 
temperature, but also by its being less attracted by the heavenly 
])odies. Now, as this mass of w^ater advances tow^ards the 
equator, it comes under the influence of a greater centrifugal 
force ; but being unable at once to acquire the increasing nu)tion 
of the earth, it is left behind, if we may so speak, by the earth, 
wliich is turning from west to east, and it has consequently the 
appearance of a general movement from cast to wTSt. Hut this 
effect is aided by two causes, the motion of the wdnd, and the 
tides. The trade-winds have a general westerly direction ; and 
it has been observed by all navigators, that when the wind acts 
for any considerable time upon a body of w^ater, it never fails to 
form a superficial current moving in the same direction. But the 
tides also, where uninfluenced by the land, have the same direc- 
tion ; 80 that there are three causes acting in concert, all assisting 
to produce a westerly current. But this effect is modified by the 
conformation of coasts, and by the obstacles presented by the 
clianncls in wliich it flows. By this general westerly movement 
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the waters of the Atlantic are thrown from the coasts of Europe 
and Africa towards the eastern coast of America. Without 
attempting to trace the course of the Gulf Stream, or the geo- 
graphical formation that attci*s its direction, it may be stated, 
that entering tlie Gulf of Mexico, it passes along tlic Mexican 
coast to the southern extremity of Florida, where it changes its 
direction, flowing northward with great impetuosity through 
the Gulf of Florida, and after some variations of course is 
brought to the soutlieni extremity of Nevvfoimdland. It then 
turns to the eastward, and successively passc*s the Azores, the 
Straits of Gibraltar, Madeira, and the Canaries, completing its 
course by a union witli the westerly tropical currents. 

There are many other permanent currents of great import- 
ance to the navigator, and those that are periodical are not less 
worthy his attention, and might be j)roperly referred to in a 
more practical work than this is intended to be. But the reader 
may obtain an idea of the great impediment or assistance these 
currents are to the navigator, from a statement made by Baron 
Humboldt — that the Gulf Stream in the twenty-sixth and 
twenty-seventh degrees of latitude moves witli a velocity of 
eighty wiles in twenty -four hours. 

aiEMTCAL COMPOSITION OF BUBSTAN(;EH. 

Having explained the most important appearances presented 
by land and water, we might now, in the order of our subject, 
direct the attention of the reader to an inquiry into the composi- 
tion of tlie bodies which constitute the caidh. But this is a 
subject which it would be impossible to explain in the limits of 
a few pages. This work, however, must b(‘, left in a state of 
great incompleteness, if some attempt be not made to put the 
reader in possession of so much information, at least, as shall 
enable him to understand the composition of bodies, the 
elements of which they consist, and the laws which govern 
their union. The sciences of chemistry and mineralogy are 
now both open before us ; sciences which during the last few 
years have received perhaps greater additions than all others, 
and embody so vast a number of facts, that it is only by con- 
siderable and long- continued attention to these interesting 
branches of knowledge the student can become perfectly 
ac<iuainted with them. But, at the same time, it may be 
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I'ciEenibered, as an encouragement to the study, that all the 
economical processes are regulated by their decisions ; and there 
arc few subjects so interesting in themselves or which lead to 
so many useful results. 

ELEMENTARY SUBSTANCES. 

The simplicity of the means employed by the Creator to 
accomplish his objects is peculiarly evident in nature. The 
hypotheses of men are co^ a})lex and overloaded with machinery ; 
the methods adopted by the God of Nature are simple and 
cffi‘ctive ; and as science opens successively the pages upon 
which the history of material existence is written, we are sur- 
prised that an ex])lanation so simjde sbo\ild not have been 
immediately discovered. The laws which govern matter are 
universal, and, wdien once understood, offer a ready explanation 
of a great variety of a])pearances, though certain minute differ- 
ences may be observed arising from either the nature of the 
substance u[)on which they act, or the circumstances under 
which tlic forces are developed. But tliis simplicity of design 
is equally evinced in the constitution of bodies. All the cir- 
cumstances of motion and rest t4> which matter is subject, can 
be traced to gravitation and centrifugal force; and its coin]>o- 
sition is attributable to the forces of cohesion and chemical 
atfmity. There are but three states of matter: solid, li<|ui(], 
and gaseous ; and chemical composition is directed by laws 
not difficult of explanation. 

Although a .superficial examinafion of the various substance.s 
composing terrestrial bodies would lead to a suspicion that there 
must be an immense number of elementary principles, it is 
found, when the means offered by chemistry are employed, that 
all, or nearly all, substances are compounds, and tliat their 
varieties of form, character, and properties, are to l>c traced to 
the admixture, in different pro])ortions, of a few simple j)rinci- 
ples. According to the })rc8eut state of chemistry, tliere are 
fifty-four elementary substances, or, in other words, substances 
wdiicli the chemist has not yet been able to decompose. Many 
of these possess properties in common, while others are per- 
fectly opposed to each other in character and effect ; there are 
some which readily unite with otliers, and are found abundantly 
in nature ; there are others which can scarcely be made to 
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enter into the same combinations, and are rarely found : some 
arc essentially necessary for the maintenance of the present 
condition oi' material and animated nature, and others seem so 
unimponaut, tliat their annihilation would not, in the slightest 
degiee, affect any of the juTsent arrangements of nature. 
Forty -one of these sim}>le substances are metals, and these 
constitute, in combination with each other and with different 
substances, the greater portion of matter as exhibited upon the 
suTface of tlie earth. 

Before any idea can be formed of the manner in which these 
principles can be so combined as to produce all the varieties of 
constitution which characterise land and water, it will i>e neces- 
sary to undei-stand the foiauation of tlie elementary bodies 
tliemsclves, and the laws by which their combinations with 
<*ac]i other are produced. In the vast laboratory of the earth 
these principles have been at various times so submitted to each 
other as to produce the compounds wliich arc now found in 
large masses, constituting rocks, and in smaller })ortions as 
mineral specimens. But all these compounds have lu'cn formed 
in ol^cdicnce to the same general laws as now influence the 
union of particles and masses ; and it is u]>on our knowledge of 
these laws that %vc must depend for an ex})lanation of the 
many difficulties that arc felt in accounting for the present 
state of all mineral substances. 

COHESION. 

It was long supposed that matter might be divided without 
end, and in one sense this is true ; hut on the other hand there 
can be no doubt that it consists of ultimate particles or mole- 
cules which are incapable of division or change. A knowledge 
of this fact is not obtained by the actual observation of the par- 
ticles themselves, but is deduced from the circumstances under 
which the elementary principles and their compounds unite 
togetlicr. It is not necessary that the idea of size should l)e 
connected witli our conception of ultimate particles; but from 
our knowledge of great divisibility of matter it is certain 
tliat they are inconceivably minute, and are far beyond the 
limits of our senses. Whether examine mineral, vegetable, 
or animal, substance's, we may find evidence of this fact. Ani- 
malcules have been discovered l^y the aid of strong magnifying 
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glasses, so small, that a million of them would not have a mag- 
nitude equal to a grain of sand, and no discovery is more calcu- 
lated to convince us of the great divisibility of matter, for those 
creatures possess all the organs and members calculated to 
assist them in locomotion and in the suj)ply of their v^ants, 
which are as real as those of larger animals. But although they 
are minute, that on which they subsist must he smaller ; and 
it is possil)lc that thc}^ prey on animated beings lower in the 
scale of existence than ^.hemselves. In this way we may trace 
matter into forms of such minuteness as to elude conception as 
well as sight. 

But although matter exists in this extremely minute fonn, 
and is still divisible, there is a limit bej'ond wliicli it cannot be 
divided ; there are ultimate particles of matter. Every substance 
consists of a number of ultimate particles, w Inch are united toge- 
tlier by some force, and that force is called cohesion. If there were 
not some power by wiiich the molecules could be bound together, 
all matter must exist in loose iiiicoimected parts, and none of 
the states of matter now observed could ever have been brought 
into being. But this cohesive force is not ecpially powerful in 
all circumstances ; and it is for this reason that matter may 
exist as a solid, a liquid, or a gas. It is strongest in solids, 
though the particles of all solids are not combined by forces of 
the same intensity. I'here arc substances, the molecuh'S of 
which ap])ear to have a large sphere of attraction, and hence 
they possess the property of elasticity. Indian rubber, as a 
familiar ex/un pie, may be drawn out to a great length, which 
must cause a separation of the particles to a greater distance 
than they ordinarily assume ; hut as soon as the force winch 
separates them ceases to act they are again drawn to cadi 
other, and ap])ear to assume their original position. The same 
force may be applied to the metals, but extension cannot be 
produced ; and if the power be increased until it overcomes 
the cohesion fracture is the result, not elasticity. From this 
siinjde experiment, then, we may h'arn that the force of cohesion 
varies in solid bodies, in some instances having so large a sphere 
as to admit of groat expansibility, in others a smaller sphere 
but greater power ; varying in both these characters according 
to the nature of the ultimate particles. 

Solidity is an accidental circumstance, if we may bo denoini- 
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nate a state that is governed by fixed and immutable laws. 
These laws, however, are not of such a nature as to prevent a 
solid from taking any other form ; but we find on the contrary 
that, under different conditions, it may become a li<iuid or a 
vapour. In the production of these clianges heat is tlie primary 
agent ; entering among the elementary particles of a substance 
it becomes, in fact, a part of it, and if that substance be, in a 
solid state, a simple body, of which a doubt may be entertained, 
it is no longer so when it takes tlie liquid or va])orous condi- 
tion, hut is a compound of an element and caloric. The parts 
of a solid are supposed to have a fixed and pcniianent position, 
so that the movement of one particle gives motion to all ; but 
fluidity is characterised, and in fact produced, ])y the unre- 
strained motion of the particles among each other. The colie- 
sive force must therefore be stronger in solids than in liquids. 
Gases and vapours may be almost supposed to result from tlie 
destruction of the cohesive force ; it is, however, so neutralised 
by the principle of heat, that the particles before united by a 
})Owerful attraction are now separated by a not less energetic 
repulsion. 

Philosophers are undecided as to the origin of the properties 
of matter, such as Jiardness, tenacity, toughness, ductility, and 
othem ; and in fact some difhciilt questions must be decided 
before any show of certainty can be attached to the tlieories 
which have been proposed. There are four liyj>othcses that 
may be entertained. We may suppose the projierties of any 
body to result fi’om the varied intensity of the cohesive force, 
but then we are required to show the causes calculated to effect 
an alteration in its intensity, when operating upon (dements 
and compounds, and by what process it can make one substance 
more ductile than another. If peculiarities of physical cha- 
racter be assigned to the matter itself, it will be necessary to 
prove that there is an essential difference in character between 
the matter of one substance and another, and that the proper- 
ties by which they are distinguished are not attributable to the 
variety of circumstances in wliich matter may be placed. T(» 
attribute them to the form of the particles is to invade the 
(dements of all philosophical knowledge. The peculiar com- 
bination of particles is sometimes urged as a reason for the 
properties of matter, and the explanation is recommended to us 
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by many arguments, and supported by a knowledge of facts. 
Viewed alone, it is an inefficient cause ; but when it is acknow- 
ledged that the agents which act upon masses have a similar 
influence upon particles, nearly all difficulties vanish. These 
remarks lead us at once to consider the phenomenon of crys- 
tallisation. 


CRYSTALLISATION. 

Frequent mention l.as been made of crysttillisation as a dis- 
tinguishing property of rocks. Minerals may be formed in 
irixjgular sha[)ele8s masses, or they may, by the arrangement of 
their particles, take regular geometrical forms. The effects 
which are observed in nature may be produced at pleasure in 
the laboratoiy, and consequently the philosopher may estimate 
the causes which produced the one by a knowledge of those 
which accomplish the other. When a fluid gradually assumes 
the condition of a solid, the particles have a free exor- 
cise among themselves, undisturbed by the motion of the 
mass. Substances do not take forms at random, sometimes 
assuming one kind of crystal and sometimes another, but 
have shapes peculiar to themselves. Fluor spar crystallisc's 
in cubes, calcareous spar in rhombohedrons, and other sub- 
stances have determined structures, so that there appears to be 
a close connexion betwen the character of a substance and the 
form of its crystals. This fact is of great value to the minera- 
logist and chemist. External characters in general are calcu- 
lated to mislead, and can never be employed by those who 
have not been long in the habit of examining mineralogical 
specimens. Many substances may have the same colour, bril- 
liance, degree of hardness, and other properties, so that these 
are not peculiarities, though they are in a limited degree points 
of distinction. But all these properties may be lost by a partial 
admixture with some casual ingredient, or by the circumstances 
under which the body possessing them happens to be placed. 
The same remarks cannot with equal propriety be api)lied to 
crystallisation. An ol)server may, without doubt, state what a 
substance is not, by the form of its crystals, though he may 
not be always able to state what it is, as many substances may 
take the same fonn. We may, however, depend with much 
more certainty upon crystallography, than upon colour, hard- 
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ness, and otlier properties, Avliich are valuable secondary guides 
under the direction of the other more applicable principle. 

Without entering further into a discussion of this interesting 
branch of science, or referring to the discovery made by Pro- 
fessor Michterlich, that various substances have the property of 
assuming the same crystalline form, and may be substituted for 
each other in combination, without affecting the external cha- 
racter of the compound, we shall at once proceed to mention the 
difficulties which attend the explanation of this phenomenon. 
Many opinions have been, and are, entertained as to the cause 
of crystallisation. It was once a favourite theory tliat the 
ultimate particles of all matter have a spherical form, and that 
the structure of a crystal might be attributed to their arrange- 
ment and number, altogether independent of their nature. 
Professor Michterlich is of opinion, that isomorphous elements, 
that is elements having the same form, produce crystals which 
are similar. Dr. Prout maintains that the molecules of bodies 
are spheroidal, and are induenced by two kinds of polarising 
forces, one acting in the direction of the axis, and the other in 
that of the equator. As the electric and magnetic forces have 
this relation to each other, he supposes them to bo analogous 
to, if not identically the same as, tlie crystallising forces. This 
theory may be supported by sound and legitimate ai'gumcnts. 

CHEMICAL ATTRACTION. 

If tlie particles of matter were acted upon by no other force 
than that of cohesion, all substances would be equally ready to 
combine with each other. But it is universally known that 
there are some substances, such as oil and water, which cannot 
bo mixed together. It is, then, to be determined why some 
compounds readily unite, and others refuse to combine. ' There 
is a force, called affinity or chemical attraction, altogether 
distinct from that of cohesion, and to this may be attributed 
the affinity which exists between certain elemental^’' prin- 
ciples. A knowledge of the circumstances under which 
this force acts is essential to the chemist, for by it he regu- 
lates all his operations ; and it is not less necessary to him 
who confines his attention to the operations of nature, for 
it explains all the varied forms he observes in mineral sub- 
stances. 
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Affinity is a force wliicli acts upon ultimate particles, causing 
different elements to unite and produce sn])stance8 having pro- 
perties moi’e or less unlike those which distinguished the origi- 
nal principles. From this definition it might be imagined that 
the s])here of attraction is small, and in fact it only acts when 
the particles are in apparent contact, every cause tliat separates 
them having consequently a tendency to prevent the operation 
of chemical attraction. 

Cohesion is a force ndiich opposes and restricts the operation 
of affinity, and this it docs bv preventing the ])articlcs from 
liaving a contact with each other. Bodies schlom act chemi- 
cally upon each other in a solid state, for their particles cannot 
be brought sufficiently nciar for the operation of their mutual 
power of attraction. But reduce them to a liquid form, that 
is to say, destroy the cohesion, and the affinity begins to act. 
Affinity will frequently operate when a liipiid and a solid are 
brought into contact ; hut to ensure the action the cohesion 
should be decreased fis much as possible. When both sub- 
stances are liiiuefied this is accomplished ; for however slight 
the chemical attraction may he between two particles, it will 
be sufficient to produce the combination ; from which it might 
he supposed that the cohesion of pai-ticles is entirely destroyed 
when they are liquefied. iMechanical division and increase of 
temperature assist in producing a state more suited for combi- 
nation ; but cohesion exists still, and all these processes can do 
is to diminish the energy of that force, and present a larger 
surface for the activity of chemical attraction. 

From these statements it might be supposed that clastic 
fluids would readily unite when placed in communication with 
each other, the cohesion being in this instance entirely de- 
stroyed ; but on the contrary there are few gases which do so 
combine, and this may be attributed to the great repulsive power 
which surrounds the particles of matter in this state preventing 
them from coming within the sphere of chemical attraction. 
Elasticity may, however, and frccjuently does, act as a decom- 
posing agent, and nothing is more common than the separation 
of two substances feebly combined, when the compound is 
compelled to take a gaseous fonn. 

There are other circumstances which have a tendency to 
prevent the chemical force from operating upon the particles 
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of matter ; but supposing these to be removed there is an elec- 
tion or choice clisj)layed by particles of one kind of matter for 
those of another, and when united together a third substance is 
formed distinct in character and properties from either of its 
constituents. 

The most simple instance of chemical affinity is where two 
substances mix together, as when sugar dissolves in water. 
I'lierc are substances wffiich will thus unite, and there are 
others which cannot he combined : oil will not combine with 
water, for however intimately they may be mixed they will 
sepai'ate as soon as the mechanical force by which they were 
united ceases. Betw*een these extivmes tlierc may tie a great 
variety of degree in the power of coinhinatioii evinced by 
bodies, being ia some histances extremely active, and in othei*s 
as Aveak. 

But affinity is sometimes exercised under a more complex 
form. All kinds of matter are not attracted with the same 
force, but every particle exercises, as it w’ere, a determined 
choice, alw’ays combining with one kind of matter in preference 
to another. Thus, for instance, a compound, whatever the num- 
ber of its elements, wdiich we will suppose to be tw'o, is tlie result 
of cliemical attraction ; but the affinity existing betw’oen the 
parts may not be so j>owerful as it would be if exercised between 
one of these and some third element. If, then, the comj)ound he 
presented to this third substance, the process of decomposition 
and comj>osition will be evinced at the same moment. The 
union of the tw'o combined elements will be destroyed, and ono 
of them will attract the third principle, producing a substance 
different from that of whicli it w^as before a part. 

But still more complicated changes may be produced. Tw^o 
compounds may bo presented to each other of such a nature 
that one of the elements of eacli may have a greater affinity for 
an element of the other than it has for that with which it is 
combined. When this happens, a double decomposition and 
recomposition must necessarily be produced. Thus, if a solu- 
tion of nitrate of potasli be poured into a solution of sulphate of 
ammonia, this double decomposition is effected. The sulphuric 
acid leaves the ammonia and joins the potash, the nitric acid 
leaves the potash and unites with the ammonia: thus producing 
two new substances, the sulphate of potash, and the nitrate of 
ammonia. 
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The laws which govern the combination of bodies in small 
masses assist ns in explaining the composition and origin of 
those substances which constitute the superficial covering of 
the earth. The chemist does but mimic in his laboratory the 
operations of nature, and the laws which govern the composi- 
tion and decomposition of compounds in one case are equally 
applicable in the other. In our examination of these laws we 
have been guided by a hope of explaining with the more preci- 
sion the causes to which we may attribute the variety of forms, 
states, and composition, possessed by matter as it exists in na- 
ture. If the surface of the earth has been constantly subject to 
changes effected by the agency of water and heat, it is evident 
that chemical action must have been often produced. In rocks 
universally acknowledged to have had an igneous origin, mi- 
nerals, which are but the products of the terrestrial laboratory, 
are found, and they give evidence of the agents that produced 
them. They arc characterised hy the same peculiarities of 
crystallisation as the compounds more artificially formed, and 
their elements have been united hy the agency of the same 
chemical attraction. All natural products arc decomposable 
into the few principles described in the previous pages, and 
although the forms and properties of their compounds are vari- 
able, they are not more so than might he anticipated from a 
knowledge of the almost unlimited interchange of combination. 

When geological science was in its infancy, observers w'ere 
accustomed to examine the mineralogical features of rocks with 
much more accuracy than is now considered necessary. The 
external characters of a rock are found to he of little assistance 
in determining its age, or, in other words, its relation to a series. 
This circumstance has tended to repress among geologists the 
study of mineralogy, and to give a new aspect to their pursuits. 
But, to say nothing of the necessity of the study in the exami- 
nation of the more ancient masses, it may be doubted wdiether 
some acquaintance with their character and composition is not 
essential to n right explanation of the appearances by which 
they are distinguished. There are many persons who, from 
the habit of examining hand specimens, are generally able to 
distinguish not only rocks, but also the minerals of which they 
are composed. But although this knowledge is highly impor- 
tant, it is not all that is necessary ; for to conduct a minera- 
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logical examination with a chance of success, the chemical 
characters and composition of the constituents must bo under- 
stood ; and without this information not even a conjecture can 
be formed as to the circumstances under which many of tlic 
masses were produced. 

COMPOSITION OF WATER. 

Water is a compound substance, consisting of the two ele- 
ments hydrogen and oxygen. Its most simple state, if we may 
so call it, is that of ice. When we say that ice is the most 
simple state of this substance, we mean that it is then free from 
the caloric of composition which unites with it when in a liquid 
or vaporous condition. A mass of ice at 32® Fahrenheit must 
absorb 140o of caloric or heat, that is 140® inai)preciable by 
the thermometer and the sensation of touch, before it can be 
liquefied. 

It may be proved in the following manner, that 140” of 
caloric is necessary to liquefy ice. Take any quantity of icc 
at 32®, and pour upon it an ccpial quantity of water at 1 72^^, 
the ice will be liquefied, but the water will still be at a tempe- 
rature of 32”. From this experiment it is evident that 140” of 
heat have disappeared, for the water lias been reduced to the 
temperature of tlie ice, which has suffered no other change 
than liquefaction. Tliere is only one way of explaining the 
result that is here observed, and it is by allowing that 140'* 
of heat must be combined with the elementary principles of 
water before tlieir cohesion can be so destroyed as to admit of 
their assuming a liquid form. 

Water consists of eight parts by weight of oxygen and one 
of hydrogen ; and by measure, of two parts of hydrogen and 
one of oxygen. Tlie compound nature of water may be proved 
by botli analysis and synthesis. The simplest possible means 
of decomposition is to pass aqueous vapour over red-liot iron in 
a tube ; but the most satisfactory is that effected by the voltaic 
battery. If two thin wires, connected with the poles of a 
voltaic battery, be so placed that one end of each shall 
enter a glass vessel, a portion of water will be decomposed, 
and the gaseous products will bo collected in tubes, fixed 
immediately over the point of each wire. The wire connected 
with the positive pole of the battery gives out oxygen ; that 
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with the uegativc, hydrogen. For this experiment we are 
indebted to Messrs Nicliolson and Carlisle, and by it we ascer- 
tain the proportional volumes in which the two gases unite to 
produce water. But we need not satisfy oursidves with this 
analytical examination ; for if the })roduct8 of the decomposi- 
tion be collected in the same tube, and inflamed, they will 
reassume the li(|iud state producing water. But if we take an 
additional measure of h^’drogen, that is, three of hydrogen and 
one of oxygen, and explode them, one measure of that gas will 
remain uiicoiuhined. 

Oxygen and hydrogen mixed in the proportion to form water 
by combustion, have been employed by Mr. Gurney for the? 
production of intense heat. It is a singular fact that these gases 
thus united are so explosive, that it is unsafe to experiment 
with them except in veiy small quantities, or with cs]>ecial 
provisions for personal safety. IVJr. Gurney invented a safety 
apparatus, which he applocl to his oxy-hydrogen blow-pipe, 
— an instrument now chiefly employed for the purpose of 
exhibiting microscopic objects. 

’Water is never found perfectly pure. Rain water and snow 
when melted afford the purest kind of water that can he 
obtained without distillation, although this is not, on account 
of the great solvent powers of the fluid, quite free from admix- 
ture with other bodies, hut contains carbonic acid and air 
collected from the atmosphere. In passing through tlie strata 
of the earth, it is liable to great alterations of character by its 
coinbinatiou with minerals, and although it docs not always 
happen to such an extent as to prevent its use in nature, and 
by man, yet it always gives it some degree of impurity. 
According to tlie nature of the rocks through which the water 
percolates will ho the alteration effected in the character of 
the water ; and all mineral springs might be easily accounted 
for, did we know the composition of the beds through which 
the waters pass. 

We might here give an analysis of mineral waters, but 
we shall only refer to the composition of sea water, and this 
we must do without entering into those minute particulars 
which have recently received so much of the attention of 
chemists. That which in the estimation of ancient philosophers 
was a pure elementary substance, is not only found to be in 
itself a compound, but to contain singular combinations of 
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compound substances. There is perhaps no substance in 
nature that has a more complicated composition than sea water, 
and if we consider the extent of the ocean and the great 
solvent power of the fluid, we might expect to find in it an 
immense number of adventitious substances; but of all these 
tlie most abundant is common salt. It was once maintained by 
chemists, that tlie water taken from different parts of the ocean 
did not materially differ in composition, hut the experiments 
which have been made during the last few years prove that it 
differs not only in relation to place, but is also conditionally 
dependent on the depth. Bouillon, Lagrange, and Vogel, 
severally examined the waters of the English ( -’hannel, the Bay 
of Biscay, and the Mediterranean Sea, and found them to con- 
tain 3,47 per cent, of saline matter. Dr. Murray estimates the 
saline matter of the waters of the Frith of Forth at 3.03 ])er cent. 
Dr. Fyfe examined the water collected in the North Seas by Mr. 
Scorcsby during his voyage, and by Capt. Boss in his Polar 
expedition, and the results lead to the general conclusion that the 
w’aters of the ocean from 01° 52' to 7B® 35' north latitude do not 
essentially differ in the amount of saline matter, the maximum 
being 3.91 per cent., the minimum 3.27. The experiments 
made by Pages, on the water collected by liim in southern lati- 
tudes, induce the supposition that the saline matter is least 
abundant in the waters of the northern hemisjdiere. But the 
most impoilant experiments made U}>on sea water with the 
view of determining the amount of saline matter contained in 
it, w(^re those performed by the late Dr. Marcct, from which 
the following conclusions have been deduced. 

1 . 'Phe proportion of saline matter contained in the water of 
the southern ocean is to that in the northern as 1.02919 is to 
1.02757. 

2. There is no great difference in the proportions under dif- 
ferent meridians, but the sea under the equator appears to range 
between the two hemisplieres. 

3. The waters drawn from a great depth do not generally 
contain a larger quantity of saline matter than those taken 
from the surface. 

4. Inland seas are always much less salt than the ocean, and 
so are those bodies of water situated near to large masses of ice. 
Inland seas do not contain so large a quantity of salt as the 
ocean, on account of the large volumes of fresh water brought 
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into them by rivers. But the waters of the Medite rranean con- 
tain a larger propoiiion of salt than tlicj ocean, aitliough the 
same cause iniglit be supposed to act in producing the same 
result in this as in other ctiscs. It has been, since the discovery 
of this fact, an object with philosophers to account for it, but 
now the chief difficulty is to explain the reason why the waters 
of this sea do not gradually become salter. Although so largo 
a quantity of water is carried into it by the iiumcTous rivers of 
wdiich it is the basin, yet its amount is not sufficient to com- 
pensate for tluj evaporation which is going on at its surface, but 
it is supplied for the maintenanceof ageiieral level, by a constant 
current flowing eastward through the Straits of Gibraltar. Now 
all these circumstances would a]>parcntly tend to increase the 
saltness of the Mediterranean Sea, and ultimately convert it 
into a saturated brine. The cause which pievents this is s<iid 
to he an under-current wdiich flows out of the sea through the 
Straits of tiibraltar, and discharges the constantly accumulating 
saline matters, 'riiere arc many facts which strongly 8U})])ort 
this opinion. l)r. Macmichacl states, upon tlie authority of 
the Britisii Consul at Valencia, that sonm years ago a vessel 
was lost at Ceuta, on the African coast, andAts wreck \\as 
afterwards thrown uj) at Tariffii, on the European shore. But 
the most remarkable fact is that recorded by Dr. Hudson, in the 
“ Philosopliical Transactions.'" In 171 M.de L’Aigle, of the 
Phoenix, came up with a Dutch ship in the middle oftlie Gut, 
between 'J’ariffir and Tangier, and with one broadside sunk her. 
A few days after this, the ship rose again ofl' the shore near 
Tangier, at least four leagues to the west of the place where she 
sank, and it must therefore have floated in a direction contrary 
to that of the superficial current. 

The presence of saline matter in the ocean is of considerable 
importance in the general economy of nature. Among the most 
singular effects of this arrangement, wc may mention that tlio 
freezing point of water is lowered, and the tendency to evapor- 
ation diminished, while at the same time it is better suited to 
sustain all the j^rovisions of animal life. We frequently trace 
effects to their causes, without perceiving the immediate results 
intended by the Creator ; but it is well to remember that the 
ultimate object being determined in the Eternal Mind, the 
causes were so arranged as to produce effects calculated to fulfil 
them. 
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In tracing the circumstances that give rise to the superficial 
temperature the earth, it is necessary to keep in mind the 
difference between that which results from cehvstial, and that 
which depends upon geographical position. The general super- 
ficial temperature is regulated by the ])osition of the earth in 
relation to the solar system, ami esj>ecially to the sun, and it 
is universally known that the most intense heat is suffered in 
places under ai]d near the equator, and the greatest cold at or 
near the poles ; the places situated between these having a 
medium heat approaching nearer to the one or the other of 
the extremes according to their geographical position. But the 
causes which modify the superficial temperature are so nume- 
rous, that it is not possible to ascertain the temperature of any 
locality without positive experiment. Every place, however, 
is distinguished by a ceifain mean temperature, and although 
seasons may vary, and there may a}>pcar to be an entire clnmge 
in all the circumstances w'hich have distinguished a country 
from year to year for ages, yet the mean temperature remains 
fixed and unchangeable. 

There are three subjects which demand attention in this part 
of our vv^ork; — -the seasons, climate, and the variations to which 
the supeihcial temperature has been subject. 


THE SEASOXB. 

There is no part of the earth s surface on wliich the tempe- 
rature is precisely the same at all periods of tlic year ; there are 
every where recurring variations called seasons. To uitder* 
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stand the origin of the seasons, it must be remembered, tliat the 
earth performs a revolution round the sun, and the period 
which is occupied in fulfilling that revolution is called a year. 
During this period, a place on the surface of the earth is exposed 
to an exceedingly variable temperature, which causes the four 
distinct seasons ; spring, summer, autumn, winter. In per- 
forming tliis annual revolution, the axis of the eartli preserves 
the same direction as though it Jiad no orbitual motion, and is 
carried round always p>’es(inting the poles to the same points of 
the celestial sphere. In attempting to explain tlie origin of the 
seasons, we shall speak of the orbit of the earth as though it 
were circular, for although it is really elliptical, its form has 
little to do with the production of the effects to which we refer. 

Let S represent the sun, and ABC!) four several positions 
of the earth in her orbit. A may be eonsidercHl the vernal 
equinox, or the position of the earth on the 2 1st of March ; B 
the summer solstice, or its position on the lilst of June ; C’ the 
autumnal equinox, or its situation on the List of September; 
]) the winter solstice, or its position on the 21st of December. 
P Q represents the direction of the axis which is not changed ; 
this is an imaginary lino around which the cartli* revolves, pro- 
ducing day and night. 


P A 



Now it is evident that the sun can diffuse its calorific rays 
only over that half of the globe turned to it ; mxd tlic tempera- 
ture of any place will be in proportion to the time during whiclx 
it is thus exposed. Upon this self-evident principle we must 
found our explanation of tlie seasons. 

When the earth is in the vernal equinox (A), the sun is 



308 


THE REASONS. 


vertical to tlie intersection of the equinoctial (F E), and the 
ecliptic (H (i). In this position, therefore, the two poles will 
be the confines of the enlightened side, and the day and night 
wall be e(|iial all over the globe, for half the northern and half 
the soutliein hemisphere will Ixj illuminated at the same 
moment. IV hen the earth is situated in the autumnal equinox 
(0), the same effect is produced. 

But we may suppose the earth to remove from the vernal 
equinox (A) to tlie summer solstice of the northern hemisphere 
(B). In tliis position, the space included within the arctic 
circle, which is a circle having the north pole for its centre, and 
23® 38' as a radius, constantly enlightened, and it has conse- 
quently a perpetual day, while to the same distance round the 
south })ole there must be constant night, lienee it follows 
that at every jdacc north of the cctuator the sun will he at this 
time longer above than below the horizon, and the length of 
time will he in ])roportioa to the nearness of the place to the 
poles ; the reverse is true of all places to the south of the 
equator. 

When the earth comes to the winter solstice of the northern 
hemisphere (P), the south pole enjoj^s the constant day, and 
the north an unbroken night. 

'J’hose are the facts deduced from a knowledge of the relative 
condition and motion of the earth asamemher of the solar 
system, but it yet remains to be proved how these changes affect 
the temperature of places, causing all those variations called 
the seasons. TJic temperature of any place u]»on the earth's 
suiface is chiefly governed by its exposure to the solar rays ; 
the longer the sun is above the horizon of any place, the greater 
must be the amount of heat received, and the higher must its 
temperature he raised ; so also the longer it is beneath the 
horizon, tlie greater must be the amount of heat radiated. 
The equilibrium of temperature in any place is, therefore, 
8uppoi*ted by receiving and parting with the same amount of 
heat during a year. Wlien any place is more than twelve 
hours above the horizon, the temperature will increase ; when 
less, it will decrease. Now as the days lengthen in the northern 
hemisphere, when the earth is moving from A to B, the tem- 
perature increases ; in one position there is spring, in the other 
summer. From B to C the days approach equality, and from 
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D to C they decrease ; so that when the earth has the position 
represented at D, the northern hemisphere is under the sliarp 
government of hoary winter. From this description it will be 
perceived that the effects produced as the consequents of the 
annual revolution are precisely analogous to those which result 
from the diurnal. If the temperature of any place be taken 
every hour during one day, no two of the twenty-four will be 
equal ; and so if this be done for an entire year, and the moan 
amount of each day be compared witli that of every other day, 
it is not to be expected that any two will perfectly agree, but 
the temperaluro will be in proportion to the period of solar 
influence, modified by local and other disturbing causes. 

MEAN TEMPERATURE: 

These are the causes which re‘gulate the seasons, and their 
influence is felt over the entire surface of the earth, though the 
length of the seasons and the difference of temperature between 
them may greatly vary in different places. But this is not tlie 
only thing to b() considered in estimating the superficial tem- 
perature of the earth ; tlie amount of heat received by diffei’eiit 
places varies accoi’ding to their positions in relation to the equa- 
torial regions, and consequently their temperatures cannot be 
C(|ual. As a general law, it may be stated that the mean tem- 
perature decreases fi*om the equator to the poles, and from the 
level of the sea upwards ; both these circumstances, however, 
are to be considered in relation to a variety of accidental con- 
ditions, which frequently have a great influence upon their 
results. 

The term, mean temperature, so fully expresses the meaning 
usually applied to it, that there seems little necessity for a 
definition. Nothing could be more rash than to pretend to 
determine the temperature of a locality by a single observation 
of the thermometer ; and it would be still more absurd to 
attempt a comparison, upon such a result, witli that of any 
other place. If we would determine the temperature of any 
day, and compare it with that of some other day, it would not 
be sufficient to have a record of the thermometer for some one 
period in each, but a series of observations would be taken, 
one every hour, for instance ; and the sura of these, divided by 
the number of experiments, would give the mean temperature. 
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So in taking the annual mean temperature of a place, it will be 
necessary to make a number of observations, and the sum of 
these divided by the number of experiments will give the 
element required. The more frequently and rt'gularly these 
observations are made, the more accurate would be the result ; 
and we may be forgiven the wish if it should appear enthusiastic 
or absurd, that the temperature could be constantly registered 
once in every hour for a few years, throughout all the })osses- 
sions of the British empire, and the difficulties which now 
surround this interesting branch of meteorology would soon 
disappear. 

To a casual observ^er climate appears to be the most irregular 
of all natural appearances, and to such a person it must seem 
almost impossible to reduce the phenomena into such a shape 
as to bear the semblance of a law. Those who have merely 
noted the atmospheric phenomena from day to day, or from 
month to month, may be able to inform us how much hotter 
or colder a particular day, month, or season, has been this year 
than it w'as at some one wliich is past ; but he will probably 
fall into the error of supposing that the climate itself has 
changed, should it happen that the summer has for a consecu- 
tive period been hotter than usual, or the winter colder. But 
if^ instead of dealing in these generalities, the measurement of 
the temperature be taken at fixed periods throughout the year, 
and the sum reduced to a mean, little difference will he found in 
successive years. The mean temperature of London is 50 , and 

it seldom or never deviates much from this, even w hen there is 
an extreme degree of heat or cold at a paidiciilar season. In 
1808, the summer was so hot that the thermometer stood in 
Tjondou at 98^®, but the mean temperature of the year was 
SO^"* ; and in the severe winter of 1818-14, when all the large 
rivers of England were frozen over, the mean temperature of 
the years was 

For the present state of our knowledge upon the subject of 
superficial temperature we are chiefly indebted to Baron Hum- 
boldt, who uniting a profound and universal acquaintance with 
the physical and natural sciences, wdth an elevated genius and 
quickness of perception, has — ^assisted by the patronage and 
encouraged by the honours which his sovereign and fellow- 
countrymen have 60 readily granted— done more for the science 
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of meteorology and, we might add, every branch of natural 
history, than any other modem philosopher. But while we 
rejoic(‘. in the honour and success of this great man, we mourn 
over the neglect under which many not less gifted or aspiring 
minds are compelled to stifle their energies, or support a cruel 
op])ression. The estimate which men form of the talents and 
capabilities of their fellow-men is not founded upon their intel- 
ligence, and the honesty and sagacity with w hich they pursue 
their o!)ject, but upon their success. Publicity is a painful 
condition to a man of a fearful temperament ; it is only suited 
to the mind that can hear with the same composure the honours 
that are lavislied u])on success, and the scorn, contempt, and 
bitter contumely, that more certainly follow a failure. But the 
sun itself may be eclipsed, or its radiance may be intercepted 
by the cloud that breeds a tempest w'hich desolates and lays low 
the noblest tree of the forest ; but the cloud is soon dissipated, 
and the source of light, heat, and life, pours down upon the 
scene of its w^onted energy the fullness of its glor^’, dries every 
loaf, and gives new pow'cr to the drooping vegetation; so genius 
is often shadowed by the thick though fleeting atmosphere of 
envenomed jealousy and spite, w’hich for a time may obscure 
its ra^^s and induce many to ask. Where is now its glory ? but 
when the cloud is overpast, and the friends who forsake in mis- 
fortune feel again its influence and tell of its praises, as the 
birds sing when the sun shines, then it seeks not to destroy l>y 
the power of its ability, but to instruct and bless. A great mind 
is not the sbive of public opinion ; it appreciates the honour 
or the blame as it may be deserved ; and if fortune fro w^ns upon 
exertion, and failure attends its progress, it waits in patience for 
tliat moment w'hon its energies may be advantageously dis- 
played, or, if necessary, bequeaths its attempts and its honours 
to posterity. It cannot, how^ever, be denied that those who 
attain honours in the present day have usually a claim to them, 
and none of those who have attempted to climb the steep pass 
that leads to fame, will be unwilling to allow’ that, of all those 
who have in our own day obtained the summit and the honours 
as the i-ecompense of scientific exertion, none have better 
deserved them than Baron Humboldt. 

This eminent philosopher w^as led to investigate the laws of 
surface temperature in consequence of the phenomena which 
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he observed during his residence on the elevated plains of South 
America. Having inhabited,” he says, “for a long time the 
most elevated plains of the new continent, I availed myself of 
the advantages which they present for examining the tempera- 
ture of the superincumbent strata of air, not from insulated 
data, the results of a few excursions to the crater of a volcano, 
but from the collection of a great number of observations made 
day after day and month after month in inhabited districts. 
In Europe, and in all the old w^orld, the highest points of which 
the mean temperatures have been determined are the convent 
of Peissenberg, in Bavaria, and the hosj>ice in St. Gothard. 
I'he first of these is placed at ^1204, and the second at 6808 feet 
above the level of the sea. In America a great number of good 
observations have been made at Santa Ft* de Bogota and at 
Quito, at altitudes of 8727 and 9544 feet. The town of Huan- 
cavelica, containing 10,000 inhabitants, and possessing all the 
resources of modern civilization, is situated in the Cordilleras of 
the southern hemisphere, at 12,810 feet of absolute elevation ; 
and the mine of Santa Barbara, encircled with fine edifices, and 
placed a lefigue to the south of H uaiicavelica, is a place fit for 
making regular observations at the height of 14,509 feet, which 
is double that of the hospice of St. Gothard.” 

The suiface of the earth was once considered in relation to 
its temj)eraturc, as though divided into five portions or zones, 
— one torrid, two frigid, and two temperate : hut these are now 
never referred to in scicntificinquiries,being superseded by amore 
precise arrangement. Places having the same mean tempiTa- 
ture have been connected by lines which are called isothermal, 
and by this arrangement all the places on the globe having the 
same annual mean temperature are classed together. These 
lines arc not parallel with the ec|uator, and their direction is by 
no means regular. The space included between two isothermal 
lines is called an isothermal zone ; but it must not be supposed 
that two places situated upon the same line, that is, having the 
same mean temperature, must have necessarily the same degree 
of heat or cold ; there may be a great difference in the intensity 
and also in the duration of seasons, Pekin, for instance, has the 
same mean temperature as Brittany, but its summers ai'emuch 
hotter and its winters much colder. 

Ilumlfoldt has divided the nortliem hemisphere into the six 
following zones : 
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1. The zone of mean temperature including all places between 32" and 4r^ 

2. . 4 . . between 41^ and 

3. . ......... between 5<»" and 59' 

4. , between 59‘ and fMU 

5. . . . . . , . . • , between <1H'" and 77'' 

from 77*' upwards. 

It has been long supposed that the temperature of tlie 
southern hemispliere is not equal to that of the northern. 
BufFon controverted the opinion, hut CEj)inus defended it, and 
every observation that has been made tends to prove its accu- 
racy. The small quantity of land in the southeni hemisphere 
causes a much greater equalization of the seasons than in the 
northern, while at the same time it produces a decrease of 
annual mean temperature. “ The discoveries of Cook," says 
Humboldt, made known the vast extent of ice round the 
south pole, hut the inequalities in the temperature of the two 
hemispheres was then exaggerated. Le Gentil, and particu- 
larly Kirwan, have the merit of having first demonstrated that 
the influence of the circumpolar ice extends much less into the 
temperate zone than was generally admitted. The less distance 
of the sun from the winter solstice, and his long continuance in 
the northern signs, act in an opposite manner on the heat in the 
two hemispheres ; and as the quantity of light which a planet 
receives from the sun increases in proportion to the true 
anomaly, the inequality in the temperature of the two hemi- 
spheres is not the effect of unequal radiation. The southern 
hemisj)here receives the same quantity of light, but the accu- 
mulation of heat in it is less on account of the emission of the 
radiant heat which takes place during a long winter. The 
hemisphere being also in a great measure covered with water, 
the pyramidal extremities of the continents have there an irre- 
gular climate. Summci-s of verylow tem|>craturcare succeeded, 
as far as ^0" of south latitude, by winters far from rigorous. 
The vegetable forms also of the torrid zone, the arborescent 
ferns, and the orchideous parasites, advance towards 38^ and 42"' 
of south latitude. The small (quantity of land in the southern 
hemisphere contributes not only to equalize the seasons, but 
also to diminish absolutely the annual temperatui'e of that part 
of the globe. The cause is, I think, much more active than 
that of the small eccentricity of the earth s orbit. The conti- 
nents during summer radiate more heat than tho seas, and the 
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ascending current which carries the air of the equinoctial and 
temperate zones towards the circumpolar regions, acts less in 
the southern than in the northern hemisphere. That cap of 
ice which surrounds the pole to the 71® and 08® of soutli latitude, 
advances more towards the equator whenever it meets a free sea, 
that is, whenever the pyramidal extremities of the great conti- 
nents arc not opposite to it. There is reason to believe, that 
this want of dry land would produce an effect still more sensible, 
if the division of the continents was as unequal in the equinoc- 
tial as in the temperate zones. 

TEMrERATtTRE OP THE SEA. 

Upon this subject we must also refer to Humboldt, the almost 
only authority we have upon the question of surface tempera- 
ture. The sea,’' he says, ‘‘radiates less absolute heat than 
continents ; the air resting upon it is cooled by the process of 
evaporation, and the surface is heated or cooled by the currents 
directed from the equator to the poles, or by the mixture of the 
superior and inferior strata on the sides of banks. It is from 
these causes combined, that, between the tropics, and perhaps 
as far as 30'’ of latitude, the mean temperatures of the air resting 
upon the sea, are 3'’ G' or b® 4' lower than that of the continental 
air. Under high latitudes, and in climates where the atmo- 
sphere is coolest in winter, much below the freezing point, the 
isothermal lines rise again towards the poles, or become convex 
when the continents pass below the seas.” 

With respect to the temperature of the ocean, we must 
distinguish between four very different phenomena. Ist. The 
temperature of the water at the surface corresponding to different 
latitudes, the ocean being considered at rest, and destitute 
of shallows and currents. 2nd. The decrease of heat in the 
super-imposed strata of water. 3rd. The effect of billows on 
the temperature of the surface water. 4tli. The temperature 
of currents which impel with an acquired velocity the waters of 
our zone across the immoveable waters of another zone. The 
region of water having the highest temperature no more co- 
incides with the equator, than the region in which the waters 
reach their maximum of saltness. In passing from one hemi- 
sphere to another, we find the warmest waters between 5“ 45'of 
north latitude, and 6^* Id' of south latitude, Perrius found 



TEAIPERATUIIE OF THE SEA. 


375 


their temperature to be 82® 3' ; Quevedo, 83^' 5' ; Cherruca, 
83® 7 \ and Rodman, 83'" 8'. I liave found them in the Soutli 
Sea, to the east of the Galapagos Isles, 84® 7 . The variations 
and the mean results do not extend beyond 1® 3'. It is very 
remarkable that in the parallel of warmest waters, the temper- 
ature of the surface of the sea is from 3® 0 to 5® 4 ' higher than 
tliat of the suj)erincumbent air. Does this difference arise from 
the motion of the cooled particles towards the bottom, or the 
absorption of light, which is not sufficiently compensated by the 
free emission of the radiant caloric ? As we advance from the 
equator to the torrid zone, the influence of the seasons on the 
temperature of the surface of the sea becomes very sensible ; 
but as a groat mass of water follows very slowly tlie changes in 
the temperature of the air, the means of the months do not 
con’espond at the same epochs in the ocean and in the air. 
Besides, the extent of the variations is less in the w^ater tlian in 
the atmosphere, because the increase or decrease in the heat of 
the sea takes place in a medium of variable temj)erature, so 
that the minimum and maximum of the heat which the water 
reaches are modified by the atmospherical temperature of the 
montlis which follow the coldest of the warmest months of the 
year. It is from an analogous cause, that in springs which 
have a variable temperature, for example, near Upsol, the extent 
of the variations of temperature is only 19® 8', while the extent 
of the variation in air from the month of January to August is 
30^ O'. In the parallel of the Canary Islands, Baron Von 
Buch found the minimum of the temperature of the water to be 
86", and the maximum 74" 8'. The temperature of the air in 
the warmest of the coldest months is, in that quarter, from 64" 
4' to 75° 2'. In advancing towards the north, we find still 
greater differences of w inter temperature between the surface 
of the sea and the superincumbent air. The cooled particles of 
water descend till their temperature reaches 39® 2 \ The 
excess in the mean temperature of the water over that of tlie 
air, attains its maximum beyond the polar circle, where the sea 
does not wholly freeze. 
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CLIMATE. 

Although a number of places may have the same annual 
mean temperature, yet they have not necessarily the same 
climate. There are certain primary constituents of climate 
which influence every part of the earth’s surface, but these are 
often so modified as to produce effects altogether different from 
those which might be anticipated. Temperature is in every 
case the most important constituent of climate, and this results 
from the form and celestial relations of the earth, such as its 
globular figure, the oblitjuity of its motion in an ellipticiil orbit, 
in regard to the j)lane of its equator, and its diurnal motion 
upon its axis. All these have a primary influence upon the 
production of climate ; but no acquaintance, however accurate, 
with the circumstances resulting from these, could ever enable 
the philosopher to calculate the character of the climate at any 
plac®. There are many accidental causes which modify their 
results, and these arc called tlie secondary constituents of 
climate. Such are, the position of the place, its distance from 
tlie sea, its proximity to mountains, its elevation above the level 
of the ocean, the nature of its soil, the cultivation of the lands 
in its vicinity, and the direction of the winds to which it is 
exposed. These, and many other local phenomena, may so 
affect the results which would be otherwise produced by solar 
heat, as to prevent any hope of ascertaining a climate without 
an extended stories of observations. 

The distribution of animals and vegetables Ls governed by 
climate. The lines which mark the boundaries of temperature 
and peculiarities of season, arc? also the limits of species or 
genera. It is on this account that countries contain animals 
and vegetables different from those wdiich are found in neigh- 
bouring districts. This is especially marked in relation to 
vegetables. The plants of the tropics are rich, luxuriant, and 
various ; interminable forests are everywhere presented to the 
eye of the traveller, bound closely together by the wide and 
gigantic arms of towering shrubs. In the arctic regions, the 
circle of vegetation is small and feeble ; but the modest floweret 
that raises its head above the northern snows to blossom on the 
waste, has a constitution equally adapted to the circumstances 
in which it is placed, as the full-leaved branching trees and 
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shrubs of the equatorial region. But the great principle of 
adaptation which so remarkably distinguishes all the works of 
the Creator, may be traced much farther than this. If all 
vegetable productions had been suited to one and the same tem- 
perature, but one zone of the earth's surface could have been 
covered wdth vegetation, and only that one w'ould have been 
suited to maintain animal life, which is commonly supported 
by the productions of earth. Every zone, however, has its own 
vegetation, and this is invariably suited to supply the wants of 
those animals who are its inliabitants. 


TEMPERATURE OF THE ANCIENT EARTH. 

If it be true that animals and vegetables are confined to cer- 
tain localities distinguished by temperature, any gi'eat change 
of climate should bo followed by a change in the animal and 
vegetable products. Now it is supposed by gei)logists that 
some such change as this has happened at several periods in the 
physical history of the earth. The organic remains found in 
the rocks of northern countries are supposed to belong to a 
temperature much higher than that by which they are distin- 
guished at th(^ present moment. Thus in our own climate we 
find the remains of animals analogous to those which exist in 
tropical climes, and of plants which can only be nurtured in 
the hottest portions of the earth ; such are those belonging to 
the coal-measures. Now it has been deduced from these facts, 
that the climate of the places in which they arc imbedded must 
have changed, supposing that these products lived on the spots 
where their remains are now entombed. There are some 
writers, however, who object to this assumption, and imagine 
that they have been floated from a distant clime, and deny that 
the temperature of the earth has changed. Without entering 
upon this matter of dispute to which reference has been already 
made, we may he permitted to state that too much dependence 
is sometimes placed upon the existence of organic remains in 
rocks. It is gencmlly stated that the fossils found in any bed 
give evidence as to the nature of the animals then existing upon 
the surface, and consequently the temperature of the place at 
the time. In a limited sense it may be true, but this evidence 
must be always received with caution, for it may mislead, in 
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consequence of the circumstances that interfere with the results. 
Let us take one example. Deposits are now forming in the 
beds of rivei’s and oceans ; hut can it be for a moment supj>osed, 
tliat when they are exposed to the examination of geologists 
at some future age, the fossils will enable him to ascertain 
the temperature of the place at the time of deposition ? Cer- 
tainly not. Rivers bring down in their courses not only the 
detritus of older rocks, but also their fossils, and animal and 
vegetable remains from various climes ; all these are mingled 
together in the bed that is forming, and will at some future 
time be its fossils ; and geologists may find in them the pro- 
ducts of many climes and many ages. We do not, however, 
deny the value of organic remains, as affording a means of 
ascertaining some facts in relation to the past history of the 
earth ; but we may sometimes misapply their evidence, or ima- 
gine them to give more information than they are calculated 
to afford. 


CONCLUSION. 

If the explanation that has been given of the phemomena 
which are observed on the surface of the eaith should in any 
degree accomplish the intention of the author, it will induce 
the reader to acquaint himself with the physical sciences. It 
must not, however, be supposed that a knowledge of philoso- 
phical facts is all that we wish to inculcate. Knowledge, of 
whatever kind it may be, is only valuable as it adds to the 
enjoyments of life, increases the happiness of society, and gives 
new energy to the intellectual character of man. There would 
be as much wisdom in learning a language for the sake of know- 
ing by what articulate sounds a community of men express to 
each other the ideas they individually entertain, as in acquiring 
the sciences for the purpose of knowing what has been ascer- 
tained. If wisdom consists in the knowledge of ourselves and 
our Maker, we must study nature with the hope of ascertain- 
ing some principles which shall enable us to gather fresh con- 
ceptions of these important elements of knowledge. God has, 
in not illegible characters, written his attributes on his works, 
and he has at the same time taught man his dependence upon 
his power, his wisdom, and goodness. But at the same time 
we cannot withhold the statement that however closely we may 
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study the works of creation, w'e can never know what relation 
men bear to their Creator, or feel an entire confidence in the 
provisions he has made for their happiness, until we combine 
a knowledge of the ordinances that govern terrestrial beings witli 
the infinitely greater moral principles he has revealed. 
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Superposition of rocks, 205 

Temperature of ancient earth, 377 

changes in, 201 

of hemispheres, 373 
• of interior, 252 

of the sea, 374 

Temperature, the mean, 369 
Teueriffe, {>oak of, 272 
Terrestrial magnetism, 194 
Thaw, effect of, 91 
Thermal springs, 293 
Thenno meter, 79 
Thermometric scale, 81 
Thundercloud, 110, 117 
Tides, 347 

Tomboro, eruption of, 275 
Torricelli's exficrimcnts, 56 


Trade winds, 84 
Trap rocks, 220 
Twilight, cause of, 139 

Ulswatcr Lake, 330 

, Valleys, 317 

j formation of, 316 

I Variation of the needlo, 137 

changes in, 188, 190 
Veins, granitic and trap, 224 

1 metallic, 225 

I Vesuvius, cvu]ttion8of, 273 
I Vihnilioiis of pendulum, 10 
Volcano, isle of, 269 
Volcanoes, 260 

arrangement of, 234 

extinct, 262 

tljoones of, 294 

Volcanic phenomena, 2h’5 
Volta's theory of hail, 119 

Water, composition of, 362 

freezing of, 90 

Waterspouts, ‘J42 
Waves, 34G 

"Wcekes on atmospheric electricity, 1 64 
Wells'. Dr,, Theory on Dew, 123 
AVhirlwindti, 85, 88 
Will with the wisp, 130 
Wind, origin of, 82 
AVindcrmere Intake, 331 
Wollaston's Cryophorus, 98 


THE END. 
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